3.5 INDOOR AND OUTDOOR AIR QUALITY IN SELECTED RESIDENCES
3.5.1 Measurement Program Design

To learn more about indoor exposures to certain air pollutants, the California Air
Resources Board sponsored a separate study coordinated with the epidemiologic
investigation of respiratory health in Southern California school children. The
"Residential Microenvironmental and Personal Sampling Project for Exposure
Classtfication" (ARB #92-317) was designed to enhance understanding of (1) the
concentrations of air contaminants in homes in California, (2) the impact of outdoor air
pollution concentrations on indoor air quality, and (3) the influence of certain building
characteristics and occupant use patterns on indoor exposures.

Measurements were made, over a 24 hour sampling period, in 125 homes
randomly selected from the residences of school children participating in the multi-year
health and exposure assessment study. Five of the communities participating in the
larger epidemiologic study were selected as the focus for residential sampling. These
five communities (San Dimas, Mira Loma, Riverside, Lancaster, and Lake Arrowhead)
were selected based on their historical potential for high ambient ozone or particle
levels.

The original project goal of 150 study homes was divided approximately equally
across communities, with 25 to 30 homes in each of four testing areas, (San Dimas,
Mira Loma/Riverside, Lancaster, Lake Arrowhead) with an additional 25 to 30 homes
- chosen across all five communities for the presence of swamp-type coolers for air
conditioning. For the purposes of this study, grouping of the housing stock in Mira
Loma and Riverside (two communities with adjacent borders), seemed reasonable.
Time limitations, field logistics, and a shortage of equipment allowed for the completion
of 125 of the 150-home goal. Homes were studied on two occasions, once during
warm summer ambient conditions (denoted as the "hot" season) and once during more
moderate spring/fall seasons (denoted as the "cool” season), to address possible
variations in housing operation during variable weather (such as the status of windows,
open doors, or air conditioning to modify the indoor environment). Homes were
recruited on a rolling basis throughout the first half of field operations, based on
resident access by telephone or mail, home access for testing, and a field operations
directive to sample equally from study communities of interest.

Five different types of measurements (ozone, respirable particulates,
formaldehyde, air exchange rates, and airborne acids) were made in and around
participating homes. In addition to the sampling measurements, a series of questionnaire
surveys designed to gain insight into the operation of the home, a description of house
characteristics, and documentation of home operating characteristics during the period of
active study sampling was completed by research field staff in all sampling homes
studied.
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In order to control costs and still provide useful information, a randomized
variable sampling scheme was devised for assignment of specific measurements to
specific homes (i.e., it was not financially feasible to perform the full complement of
sampling in each of the study homes). Twenty-four hour integrated ozone
measurements, using the TED sampling approach developed in the epidemiologic study,
were made both inside and outside of all ozone-monitored homes (n=121). Inside,
sampling was performed in the main activity room (usually the family rcom or den),
while outside measurements were typically made on the back patio or entry area. A
subset of homes were sampled both inside and outside for subsequent gravimetric
analysis of respirable particles (PM,,, for 118 homes and PM, ,, for 89 homes). A
portion of the homes (inside 98 homes, outside 18 homes) were sampled for 24 hour
cumulative levels of formaldehyde. Air exchange rate measurements were made inside
83 homes to learn about entrainment rates of outside air into living spaces.
Additionally, a pilot study was performed in and around 12 study homes utilizing a
newly developed two-week atid sampler to investigate levels of airborne acidic species
around the house.

Field sampling began in the Spring of 1994 and was stopped in late November
1994, when changing regional weather patterns heralded the end of the fall season. A
summary of the data set collected during residential sampling is presented in Table 3-20.
Discussion of the specific sub-category sampling results is summarized in the
appropriate sections below.

3.5.2 Project Objectives

Data from the residential field study were used to meet several identified project
objectives. Each of these are discussed, in turn, in the following sections.

3.5.2.1 Assessment and Revisions of the REHEX Model

The REHEX model is a regional exposure model designed to estimate the
distribution of exposures to urban air pollutants. In order to estimate individual-level
exposures, the model requires new information on the differences between indoor
residential air quality and outdoor ambient air pollution concentrations. The residential
study was designed to provide information that can be used to modify the REHEX
model to estimate the exposures of individual children participating in the Children’s
Health Study. This procedure will result in the assessment of the applicability and
limitations of the REHEX model and modify it, as needed, to address large-scale cross-
sectional and prospective epidemiological investigations.

3.5.2.2 Validation of the Revised Exposure Model

After the exposure model is modified, it will be validated using indoor data
generated from the residential study. Personal sampling data, when it becomes available
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in the future years of the epidemiological project (in Phase III), can also be used to
validate the revised model.

3.5.23 Comparison of Fixed-Site and Residential Monitoring Data

Each community participating in the epidemiologic study has a community-based
air quality monitoring station providing regional air quality data presumed to be
representative for the surrounding area. In actual fact, however, relatively little is
known about the relationship between air quality measured at these regional monitoring
sites and the air quality that exists outside the homes of regional residents. In the
course of the data analysis for the residential study, air quality measurements from the
station monitors were compared to measurements made inside and outside of the homes
participating in the residential monitoring project to evaluate the relevance of regional
air quality measurements to residential and personal exposure. Since the measurements
were made over complementary time periods (24 hour cumulative for residential
sampling, daily or hourly sampling at station sites), the respective data sets can be
directly evaluated for comparability.

3.5.24 Comparative Exposure Estimates from Interpolation of Regional
(Fixed Site) and Residential Monitoring Data

In the same manner as described in the previous section, exposure estimates
derived from interpolation of fixed-site monitoring data collected from stations nearest
to the homes of participating subjects were compared with exposure estimates derived
from microenvironmental and personal sampling measurements gathered in the study.

3.5.25 Expansion of Human Exposure Data Base

The data generated in the residential study will greatly enhance the extremely
limited information on indoor levels of air contaminants, particularly for the reactive
pollutant ozone. This information will be useful in expanding the existing data base on
human exposure to include current levels of indoor air contaminants, and to provide a
perspective on levels previously hypothesized to produce pulmonary health effects.

3.5.2.6 Indoor/Outdoor Ozone and Air Exchange Rates

Several housing factors and air exchange rate (the number of volumes that are
exchanged each hour due to natural or mechanical ventilation) have been hypothesized
to influence the ratio of ozone inside and outside of residences. The measurements
made at the residences and the information contained in the housing questionnaires, are
being used in statistical tests to relate these factors to the ratio of indoor to outdoor
ozone. Establishment of the relationships between indoor/outdoor ozone ratios, housing
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characteristics, and air exchange rates for a representative sample of study subjects’
homes will enable investigators to improve existing models describing human exposure
and predicting potential response.

3.5.2.7 A Long-Term Sampler for Fine Particles and Acids

Little is known about the concentration of airborne acids in and around the
home. Through support provided from the residential study, a two-week integrated
sampler (a modified version of the community TWS sampler) for the measurement of
indoor and outdoor acids (both as fine particles and vapors) was developed and
deployed. Pilot sampling was conducted at twelve study homes between August and
November 1994. Observed nitric acid concentrations ranged from 0.5 to 13 pg/m’, with
indoor concentrations typically less than half those observed simultaneously outdoors.
PM, , mass data varied from a few pg/m* to over 30 pg/m’ indoors, and over a
slightly smaller range outdoors. Indoor levels of acetic and formic acids were two to
ten times higher than their respective outdoor levels, with appreciable home-to-home
variability. The highest observed indoor acetic acid measurement (69.9 ug/m®) was
collected in a mobile home in the Riverside/Mira Loma area, but values close to this
were also observed in more conventional housing in San Dimas and Lancaster. The
highest indoor formic acid reading ( 52.9 pg/m®) was recorded in a San Dimas home.

353 The Residential Study Data Base

The information collected in the course of the residential sampling project will
enable investigators to address a wide range of issues important in the understanding of
human exposure assessment, as discussed previously. The general measurement
approach has been described in Section 3.5.1 above; a more specific methodologic
approach is described in the following section, by data measurement type. Measurement
types in the study include the determination of ozone, particles, formaldehyde, air
exchange rates, acids, and housing survey information.

3.5.3.1 Ozone

-In the course of the project, two types of ozone measurements were collected.
The participating homes in the study were monitored using the newly developed tool
box-sized sampling approach for collection of time-integrated data on area-wide ozone
concentrations (the Timed Exposure Diffusive, or TED, sampling approach). In a small
number of homes, for quality assurance purposes, monitoring of indoor and outdoor
ozone levels was performed using conventional commercially available air monitoring
instrumentation (ultra-violet photometers) linked to personal computer data loggers.
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3.5.3.1.1 TED Sampling

Ozone was measured inside and outside participating homes for a simultaneous
24-hr period using the Ogawa ozone sampler (developed by Koutrakis and coworkers at
the Harvard School of Public Health) housed in a controlled flow/timer sampling box
(Timed Exposure Diffusive Sampler, or TED sampler). Evaluation of the TED Sampler
approach has been previously reported as a sub-task in the epidemiological study. Study
homes were monitored on two occasions, during distinct ozone seasons. One
measurement was made during the "summer" season (when warm ambient temperatures
and elevated photochemical oxidant conditions were expected, with homes possibly
sealed for air conditioning use, or open-windowed if air conditioning was unavailable)
and a second measurement was made during the "spring-fall" season (when more
moderate temperatures and lower oxidant conditions were anticipated, when homes were
more likely to be open-windowed).

Two TED samplers were deployed to each study home for simultaneous
sampling inside and outside the residence. At approximately ten percent of the study
homes, a co-located TED sampler box was also deployed, either indoors or outdoors, for
duplicate QA sampling purposes. Samples were also assigned as field blanks, to
provide adequate quality assurance for the collected data.

The TED sampler provides a controlled air velocity sampling regime for the
Ogawa passive ozone sampler (described in Section 3.4). The Ogawa sampler contains
a nitrite-saturated filter, which is oxidized to nitrate in the presence of ozone.
Preparation and analysis of the Ogawa filter sampler was performed in the Los Amigos
Research and Education Institute (LAREI) Environmental Health Chemistry Laboratory,
under subcontract (this is the same laboratory and personnel providing analytical support
for the exposure assessment portion of epidemiologic study). Following exposure in the
field and return to the laboratory, samples were analyzed by ion chromatography.

A summary of the ozone data collected in study homes using the TED sampler
appears in Table 3-20a. Indoor levels of ozone were, on average, less than 40% of
outdoor levels, for the 121 homes sampled (see Table 3-20b). A range of ozone
exposures up to levels exceeding the One Hour Standard were observed.

3.5.3.1.2 Ultraviolet Photometry

To verify precision of the TED sampling approach and to provide hourly ozone
information in and around residential environments, commercial ultraviolet photometers
(Dasibi Corporation Model 1003-AH or equivalent) were used to collect continuous
ozone information both inside and outside of ten of the sampling homes participating in
the study. The continuous ozone data collection effort was concentrated during the
summer sampling season, when peak outdoor ambient levels were expected. The
instruments were located indoors for temperature and security reasons, with a Teflon
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sampling line placed in the home for indoor sampling and through an opening to the
outside for ambient monitoring. Siting of the instruments in the home, and location of
the sampling line to the outdoors, were made in conformance with good field operations
practices (i.e., using a clean Teflon sampling line, placing inlet away from local sources,
locating inlet clear of vegetation canopies, selecting an airy unobstructed sampling
domain, and maintaining inlet distance of at least one meter from any wall or solid
surface). Instrument readings were monitored by a personal computer, with values
recorded to data disk every minute.

3.5.3.2 Particulate Matter

Size-selective particle sampling was performed in participating homes using
single-stage impactors developed by Marple (MSP Corporation Model 200 PEM). Two
types of sampling heads were used to obtain size information: one sampling head was
used to collect particulates Smaller than ten microns (PM,;) mass median aerodynamic
diameter (MMAD) and another was used to collect particles smaller than 2.5 microns
MMAD (PM,,). The samplers were virtually identical except for differences in
diameters and dimensions of the sampling inlets and color; the PM, ; samplers were
magenta in color, while the PM,, samplers were gold, to avoid possible confusion.
Sampler internal impaction surfaces were oiled with pharmacy-grade mineral oil to
minimize particle bounce and reintrainment, as per manufacturer’s instructions.

Samples were collected on thirty-seven millimeter filters. Filter samples were
analyzed gravimetrically and archived for possible subsequent future analyses. Initial
field operations used glass fiber filter media for sample collection, but recurring filter
damage to the glass fiber media, caused by directed pressure of the sealing edges of the
particulate sampling heads, led to a change in sampling media to Teflon.

Samplers were deployed in the homes by field technicians and used to collect
24-hr samples at a nominal flow rate of 4 liters per minute, utilizing a commercially
available personal sampling pump (BIOS AirPro 6000D Personal Air Sampler) operating
on house line voltage.

In order to provide comparative information about size-segregated particulate
matter in a cost-effective manner, a sampling design involving co-location of PM,, and
PM, ; samplers in several study homes was developed and followed. Thus, in addition
to the separate deployment of PM, ; samplers and PM,, samplers in a number of study
homes, both samplers were also located side by side in a small number of homes.

As shown in Table 3-20a, PM, ; data showed, on average, a slight excess
indoors. This is in conformance with prior expectations, since there are both indoor and
outdoor sources for fine particulate mass. Maximum reported outdoor PM, levels
exceeded 240 pg/m®, and were approximately twice as high as maximum indoor PM,
levels observed.
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PM,, concentrations also showed, on average, higher levels indoors than
outdoors. Numerous indoor PM,, sources (such as animal dander, household dust,
resuspended materials caused by human, animal, and air movement through the home)
are present in most homes and could account for this observation. More strikingly,
maximium indoor PM,, levels dramatically exceeded the outdoor standard of 50 pg/m’
by a considerable margin.

3.5.33 Formaldehyde

Formaldehyde (and other carbonyl compounds such as acetaldehyde) in air were
collected using cartridges impregnated with purified 2,4-dinitrophenylhydrazine (DNPH)
and phosphoric acid, following the method of Fung and coworkers. Samples were
collected inside 98 homes to extend existing information about indoor formaldehyde
levels. Concurrent with indoor sampling, 18 of the homes monitored also had
formaldehyde samples collecied outside of the respective residences to provide some
information about outdoor levels.

Sampling was accomplished with the use of a flow-controlled sampling pump,
fabricated by Fung and coworkers, and operated on house line current for the 24 hour
sampling interval. The DNPH sampling cartridges were prepared in Dr. Fung’s
laboratory and sent to field investigators for home use. Following sample collection in
the field, the cartridges were returned to Dr. Fung’s laboratory for analysis by high
performance liquid chromatography.

As summarized in Table 3-20a, observed formaldehyde levels were generally
quite low; no extreme observations were noted. As anticipated, indoor levels were three
to four times higher than observed outdoor levels, an indication of the multiple indoor
sources outgassing formaldehyde from synthetic furniture, fabrics, and materials.

3.5.3.4 Air Exchange Rates

To better understand the relationship between indoor and outdoor levels of
pollutants, air exchange rates were measured in 83 of the study homes. The samples,
based on methodology developed by the Brookhaven National Laboratories for use in
large-scale field studies (Dietz et al., 1986), were prepared and analyzed by the Harvard
School of Public Health.

The sampling method employed a perfluorocarbon tracer (PFT) approach. One
or two sources (depending on general house volume and flow) were deployed in the
sampling home at least 24 hours in advance of sampling, to permit the PFT level in the
home to achieve some equilibrium level. Then, a collection device (capillary adsorption
tubes, or CATSs) was placed in the main activity room of the home. Collection onto the
CAT is accomplished by diffusion of the PFT gas onto the activated charcoal tube, and
is primarily a function of house volume (diffusion rates are also sensitive to
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temperature, but within the range of home operating conditions in a 24 hour sampling
period, this is calculated for 25°C and any correction is considered minor and ignored).
Following expesure in the home, analysis of the CATs was performed by gas
chromatography (using electron capture detection) in the Harvard laboratory.

Air exchange rate results are summarized in Table 3-20a, and reflect the human
tendency to maintain some reasonable control range over home climatic conditions (air
exchange rates over the range 0.2 to 1.0, with some extreme cases (exchange rates of 1
to 2).

35.34.1 House Volume Determinations

To provide the necessary information for determination of housing air exchange
rates, housing volume must be documented. In every study home, a floor plan sketch
was developed by the field investigation team. The development of a floor plan sketch
was aided by the use of electronic distance measuring instruments (EDMI). The EDMI
utilize ultrasonic pulses and on-board computer processing to measure linear dimensions
at the press of a button.

In each of the study homes measured for air exchange rate, EDMI measurement
(or measurement by conventional measuring tape) was performed. In addition, an
inventory of home furniture and their approximate volumes was also performed, to
correct initial house volume calculations based on an empty box assumption (i.e., that
the home volume could be calculated by determining the floor space bounded by
exterior walls).

Use of the corrected house volume in the air exchange rate calculations generally
provided a consistent adjustment factor of about +0.03 in the hourly air exchange rate
value.

3.5.3.5 Acid Species

A newly-designed sampler providing 14-day integrated measurements of acids
and fine particles was developed for use in the epidemiologic study and was pilot-tested
in the residential project. Four units (two indoor, two outdoor) were delivered to the
residential field team for use in measurements in twelve of the participating homes.

During field deployment, participating homes had samplers simultaneously
indoors and outside for the two-week sampling period. For the purposes of the pilot
measurements, homes were selected on the basis of willingness to participate.

The sampler collects the following pollutant information: gas-phase nitric

(HNO,) and hydrochloric (HCI) acids; fine particle (2.5 micron) mass; fine particle
nitrate (NO,), sulfate (SO,), and ammonium (NH,); formic acid (HCOOH) and acetic
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acid (CH,COOH) information. Both denuder and filter pack methodology approaches
are used to collect the above information. Sample preparation and analysis of exposed
samples were performed in the LAREI chemistry laboratory.

3.5.3.6 Questionnaire Surveys

In addition to sampling in residents’ homes, the field operations team collected
information regarding housing operation and characteristics by direct observation and
interviews with participating residents. To accomplish this in a standardized manner,
three types of questionnaires were developed for study use: a baseline residential history
describing general home characteristics, an on-site interview/walk-through survey to
observe and document home operation and accessories, and a on-site interview/follow-
up survey to document actual home operation during the 24 hour sampling period.

3.5.3.6.1 Baseline Residential History Survey

Entry into the epidemiologic study was afforded to all participating school
children through a permission form that comprised the first page of a residential/medical
history questionnaire. With regard to residential study issues of interest, the survey
asked questions about general characteristics of the home (such as numbers of rooms,
type of dwelling, presence of air conditioning and type, and kinds of cooking and
heating appliances present). These baseline surveys were completed in Spring 1993, and
were the basis for subject identification and eligibility selection for residential study
participation.

3.5.3.6.2 Technician Walk-Through Survey

During their visits to the study home, field team staff performed on-site
interview/walk-through surveys to document housing characteristics in more detail than
previously recorded on the baseline questionnaire. Survey information about nearby
sources of potential pollution, the type and location of air conditioning and handling
equipment, home carpeting, dust control, and the presence of odors were collected by
direct observation. In addition, observations from the walk-through survey are being
used to confirm information previously reported on the baseline questionnaire.

3.5.3.6.3 Follow-Up Survey

To aid in the interpretation of analytical results of samples collected during the
24 hour sampling period in the study home, field staff also performed a follow-up
survey with the resident at the close of sampling activities. The survey documented the
actual performance, use, or presence of a range of potential confounding variables such
as reintrainment of dust by vacuuming, gardening activities, cooking (frying, grilling,
and barbecuing), use of an in-home clothes dryer, operation of the home air handling
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system (heat or air conditioning), and the use of fireplaces. In addition to documenting
the occurrence of the activity, information was also sought regarding the time period of
performance.

3.5.4 Quality Assurance

A substantial quality assurance effort was built into the residential project to
provide perspective on the information gathered. Fifteen percent of all samples were
assigned to quality assurance/quality control (QA/QC) activities. These were assigned to
three areas of concern. Approximately one half of the QA/QC filters (seven to eight
percent of the analyzed samples) were assigned as laboratory blanks, to document the
overall signal-to-noise ratio in the sampling, handling, and analytical procedures.
Approximately one-third of the QA/QC samples (five percent of the analyzed samples)
were reanalyzed to quantify laboratory accuracy and precision. The remaining number
of QA/QC samples (one-sixth, approximately) were assigned as duplicate and co-located
field samples, to establish field site and sampling variability.

3.6 MEASUREMENT OF PERSONAL OZONE EXPOSURE
3.6.1 Measurement Program Design

As indicated in Section 3.1, the objectives of the personal ozone monitoring
program were to evaluate personal monitoring devices and collect personal ozone
samples and concurrent time-activity diaries for time periods of 7 to 24 hours. The
sampler evaluation data were needed to establish the credibility of the devices. The
personal ozone data were needed to evaluate and refine the indirect exposure assessment
procedure which is embodied in the exposure model.

At the beginning of Phase II, there were no acceptable personal ozone
monitoring devices; however, the Harvard group was working on the development of
several new personal sampling devices. Since the ARB study did not include personal
sampler development work, the schedule for the program was largely determined by
Harvard. Fortunately, the Harvard group developed several prototype samplers in time
for laboratory testing in Spring 1994 and field testing in California in Summer 1994.
The laboratory and field evaluations indicated an active personal ozone sampler was
sufficiently accurate and precise to use in the study. Over a period of two days in
October 1994, 580 personal ozone samples were collected on 140 sixth grade students in
two communities who attended four different schools.

The approach for the methods evaluation involved close coordination with the

Harvard group developing personal ozone samplers, interference testing of the Koutrakis
badge included in the TED sampler evaluation, separate chamber testing of the passive
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badge and an active hollow tube personal sampler, and field testing of both the active
and passive badges on 60 children in an "all outdoors" experiment in Riverside. The
"all outdoor" experiment (Experiment No. 1) was completed in July 1994.

The intended approach for monitoring of personal ozone levels consisted of three
more experiments. In the second experiment, 140 students were monitored on one
weekday for personal ozone levels during school (8:00 a.m. to 2:00 p.m.} and after
school (2:00 p.m. to 6:00 p.m.). Ozone levels were measured indoors and outdoors at
the schools and trained observers recorded their time-activity while at school. Time-
activity diaries were given to the children to complete for the afternoon hours. See
Section 3.6.53 for more details regarding diaries. Experiment No. 2 provided the
opportunity to evaluate the exposure mode! with almost ideal inputs during the hours the
children were in school and the opportunity to test the diary instrument prior to using it
on a large group of students. It also provided personal exposure data to assess the
relative importance of at-school exposure compared to after-school exposure. Data from
this experiment was used to evaluate the adequacy of using [/O ratios and time-activity
data to predict personal exposure, which is central to the overall exposure
characterization approach.

The research plan called for a third experiment involving collection of personal
monitoring data and diary information on children while their homes were being
monitored in the residential study. As indicated in Section 3.5, this experiment was not
carried out because the personal monitoring device was not available in time for
sampling on a sufficient number of students to provide adequate statistical power. The
residential program sampled homes from February to November, 1994 and this device
was not available for use in the program until September 1994. This important
experiment was postponed until Phase III.

A fourth experiment which involved monitoring of 140 students for 10 hours on
one weekday and one weekend day was completed. The students completed hourly
time-activity diaries on the days when personal ozone sampling was performed. Data
from this experiment were used to evaluate exposure model performance on weekdays
and on weekend days. The experiment differed from the original Phase II plan in that
fewer children were monitored and each child was monitored for 2 days rather than 6
days. This pilot-scale study incorporated the most sampling that could be completed
after the device was field tested (August 1994), after access to the schools was
established, and before the end of the ozone season (October 1994). The smaller sample
size and relatively low ambient ozone levels during the sampling limits the utility of the
data for model evaluation and for extrapolation to all participants in the study.
Nevertheless, experiments 2 and 4 demonstrated the feasibility of conducting personal
ozone sampling with the active personal ozone samplers and provided initial data for
testing ozone exposure models.
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3.6.2 Background on Personal Ozone Measurement Methods

The Phase II protocol document (Peters et al., 1992a) reviewed the personal
ozone measurement methods available in mid-1992 and concluded that none of the
available methods could be used to meet study objectives without further development,
testing, and refinement. At that time the Koutrakis passive ozone badge appeared to be
the most promising method (see discussion in Appendices C and D of Addendum to the
Phase II Protocol, Peters et al., 1992b). However, wind-tunnel testing carried out by the
Harvard group revealed that the passive sampler’s collection efficiency varies
significantly with the face-velocity across the sampling surface (Liu et al., 1993). Thus,
when deployed as a personal sampler, its collection rate would probably vary as the
person moves through the environment. The device could be "starved” in an indoor
setting with little or no air movement and could collect unusually high amounts if worn
by a person outdoors exercising or in the wind. The needs of the overall study include
characterizing the difference in ozone exposure of inactive children who spend most of
their time indoors and active children who spend a significant amount of time outdoors.
The current passive badge could artificially exaggerate the differences in personal ozone
exposure of these two groups of children.

The commercial passive badges (available through Ogawa and Co, USA Inc.,
Pompano Beach, Florida) contain glass-fiber filters loaded with 100 microliters (ul) of a
nitrite-containing solution. In the specific presence of ozone, the nitrite is oxidized to
nitrate. Analysis of the collected sample is performed by ion chromatography using
readily available chromatographic columns. Several passive sampler improvements and
alternate samplers were suggested by the Harvard group in 1994, including

e Use of more uniform preparation techniques for the nitrite-saturated glass-fiber
filter used in the passive badge (currently used as the sampling substrate)

s Use of a glass disk sampling substrate instead of glass-fiber (to reduce blank
variability and achieve a lower limit of detection)

¢ Use of as glass-fiber filter coated with less nitrite (to reduce variability and .
increase detection limits)

e Use of a recently developed active sampler using a hollow tube denuder
approach coupled to a mini-sampling pump (to avoid issues of face-velocity bias
and to improve minimum detection limits)

Potential interferences, reproducibility, and performance issues of the standard
100-pl filter-based samplers were investigated in 1992 and 1993 (Liu et al., 1993; Liu et
al., 1994; Lurmann et al., 1994). The pre-1994 100-pl filter-based samplers had a
detection limit of 100 to 200 parts per billion-hours (ppb-hr) ozone, with a sampling
media blank variability typically in the 15 to 20 percent range. The glass disk and 50-
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pl filter approach were of interest because of predictions that limits of detection might
be several times lower for reduced nitrite filters (loaded with 50 pl instead of 100 pl)
and perhaps lower still if glass disks were employed as the sampling substrate.

Perhaps the most interesting and promising sampler was the prototype active
personal sampler, which used the same chemistry as the passive badge and a denuder as
the substrate instead of a filter. The major components of the system consist of a small
battery-operated pump and an etched pyrex tube coated with a nitrite-containing
solution. Initial tests of the sampling system in the Harvard chamber indicated excellent
linear response to ozone from about 0 to 200 ppb in 3- to 4-hr exposures; relatively
little effect of humidity over the range 20 to 80 percent; and a detection limit of 7 to 45
ppb-hr, depending on the age of the blanks (Geyh et al., 1994). Harvard performed
additional tests to understand the effects of aging on the blanks, and thus on the
detection limit. Based on 1993 laboratory tests, the detection limit for the active system
(less than about 45 ppb-hr) is significantly lower than the detection limit for the passive
badge (between 100 and 200 ppb-hr).

The chemistry of the denuder tube used in the active system is the same as used
on the passive badge. Thus the same types of interferences are expected: the filters
were not affected by interference from NO,, nitrous acid, PAN, or SO,; however, they
do respond to nitric acid and hydrogen peroxide, both of which generally have low
ambient and indoor concentrations relative to ozone. Another potential interference in
Southern California is aerosol nitrate; if deposited onto the denuder surface, nitrate
would be measured as ozone. However, as with the denuder in the Two-Week Sampler,
a low collection efficiency is expected for nitrate.

3.6.3 Laboratory Evaluation of Personal Ozone Samplers

Multihour chamber experiments were conducted that provided exposures of 25, 75,
150, 300, 600, and 900 ppb-hr ozone for sampler evaluation. The exposure concentrations
were selected to provide a range of levels likely to be encountered in ambient sampling,
and to provide an opportunity to characterize sampler performance at relatively low levels

of exposure. All studies were performed in the LAREI movable exposure facility chamber,

and every chamber exposure study was performed twice to provide sampler reproducibility
information (to provide data on precision). In the course of each study, triplicate

collocated samples were removed at preselected sampling times, as sumumarized in Table 3-
21. All samples were prepared and analyzed in the Harvard laboratory by a member of the

Harvard research group (A. Geyh); all chamber experiments were performed at LAREI by
a member of the USC research team (E. Avol).

Ozone concentrations in the chamber were generated using in-duct mercury
vapor discharge grid lamps whose variable voltage was manually adjusted by the
chamber operator. Chamber ozone concentrations were determined by dual ultraviolet
photometers (Dasibi Instruments Model 1003) sampling from the chamber through a
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glass sampling manifold. Calibration of the instruments was performed using a pen-ray
ozone lamp and a transfer standard ultraviolet photometer, calibrated at the SCAQMD
reference laboratory.

Passive ozone samplers were placed in TED samplers for sampling in the
chamber. The TED samplers were used to avoid potential ambiguities in collection
rates due to face-velocity variation during passive sampling and to evaluate ozone
sampling approaches during controlled exposures in a manner similar to measurements
in classrooms. All TED samplers were manually controlled to tightly define sampling
duration and operated on laboratory electrical current during the chamber studies.

Two series of experiments were performed. The scope of these experiments was
limited by available physical chamber space and concerns about adequate unobstructed
airflow to the sampling units, The first series of experiments involved concurrent
sampling by glass disks, 100-p! glass-fiber filters, and denuder tube samplers. The
second series of investigations was designed as a comparative evaluation of the 50-pl
and 100-ul glass-fiber filter sampling approaches. Identical sampling conditions were
attempted for both series, with the same TED sampler, chamber (0zone generation and
monitoring system), personnel, and exposure design employed for all experiments.

In the first series of studies, filter and disk samples were both loaded into
passive sampler holders and placed in the TED samplers. Flow rates for the TED
samplers were checked prior to and following the chamber studies, and all units were
found to be in operating compliance. Denuder tubes were used, in conformance with
Harvard specifications, with mini-sampling pumps (Spectrex PAS-500 Personal Air
Sampler) operating at 65 (+ 10 percent) milliliters per minute (ml/min). Flow rates for
the personal sampling pumps were measured both before and after each sampling
exposure. As necessary, each mini-sampling pump was readjusted prior to each study’s
use to achieve a nominal flow of 65 ml/min.

In the second series of experiments, passive samplers containing only glass-fiber
filter substrates were tested. As in the first series of experiments, all filter-based
samplers were placed in the TED samplers for the chamber exposures. No denuder tube
measurements were made in this series of experiments. Glass-fiber filters were prepared
at Harvard with either 50 ul or 100 pl of nitrite-containing solution. For each
experiment, equal numbers of 50-pl and 100-ul samplers were exposed in the LAREI
chamber in conformance with the exposure protocol.

All experiments were conducted between late January 1994 and early March
1994 in the LAREI laboratory. Generated chamber ozone concentrations were close to
targeted values (see Table 3-22 for a summary of chamber operating conditions, ozone
concentrations, and sampler exposure levels; and Table 3-23 for blank value data). The
chamber exposure system operated consistently throughout both series of experiments.
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Blank value information for the various samplers utilized in the experiment is
presented in Table 3-23. The observed LOD for the glass-fiber filters (81 ppb-hr) was
approximately half that of the previously observed 200 ppb-hr, and in general
conformance with recent batches of filters available from the manufacturer (Anderson,
1994).

Glass disk LODs were quite high (308 ppb-hr) due to large variations in blank
levels (39 percent). Denuder blank variability was also large (45 percent), resulting in
an LOD of 55 ppb-hr. This LOD was only slightly better than that observed for the
100-ul1 glass-fiber filters, and considerably higher than the expected value of 7 to 10
ppb-hr, previously observed in the Harvard laboratory. The observed LOD for the
denuder tubes was, however, in agreement with that found for a previous batch of tubes
sent to USC investigators in November 1993.

In the first series of eéxperiments, filters were compared with disks and denuder
tubes. The 100-pl-loaded glass-fiber filters responded in a predictable, monotonically
increasing manner. Linearity of response was good, although the slope of the sampler
performance line was slightly greater than one. Figure 3-74 summarizes filter
performance, showing the line of identity for reference purposes (and the best-fit line
intercept, slope, and r value for the filter data collected - each figure presented follows a
similar format).

The glass disk samplers responded erratically to increasing levels of ozone (see
Figure 3-75). The theoretical ozone sampling rate was between 2 and 3 ml/minute for
the glass disk samplers. The apparent sampling rate was much lower and quite variable.
The variability in its response to ozone under laboratory conditions was indicative of
problems in its performance.

Denuder tube results were more promising than the glass disk sampling
approach, but displayed more scatter than the filter data. As Figure 3-76 shows,
chamber performance of the denuder tubes was generally good, with a tendency toward
slightly increasing scatter at the higher levels of exposure.

A composite performance graph is presented in Figure 3-77, showing the relative
performance of each of the three sampling approaches. In this representation, the
relatively small variability of the 100-pl filter sampling approach is bounded by that of
the denuder tubes. Performance of the glass disk approach is clearly seen as an outlier
in comparison to the two alternative techniques.

The second series of chamber experiments assessed the performance of 50-ul
filters and 100-p1 filters. Observed blank values for the 50-ul filters (59 ppb-hr) were
50 percent lower than those for the 100-ul filters used in this series (118 ppb-hr).
Blank variability for the 100-pl fiiters was higher than that previously found in the
filter/disk/tube studies (118 versus 81 ppb-hr), but still approximately half of the
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previously observed 200 ppb-hr level. Variability in collocated samples was generally
higher in the 50-pl filters. Effective sampling collection rates of both the 50-ul and
100-p1 filters were essentially identical, 10.5 cc/min for single-ended filters, which
suggested either 50 or 100-ul of solution provides ample collection capacity.
Performance of the fiber filters generally followed previous observations, although the
50-ul filter seemed to provide somewhat improved precision over the 100-pl filters.

The chamber experiments demonstrated that the glass disk sampling technique
offered no sampling advantages and was determined to be unacceptably noisy in terms
of performance scatter. The denuder tube showed promise as a viable sampling
approach. Performance was reproducible and predictable, although questions remain
regarding blank variability. However, the size and portability of the denuder tube
approach make it an attractive candidate for personal exposure sampling.

Efforts to improve the glass-fiber filter approach, by reducing the amount of
nitrite-coating solution placed on the filter substrate or coating the filter substrate in a
more uniform manner, have met with some success. Blank values on recent batches of
prepared filters have supported the contention that a more uniform delivery of solution
has reduced sample variability.

Performance testing of the 50-ul versus 100-ul filters demonstrated essentially
equivalent responses with lower 50-pl blank value variability. Although the 50-ul
filters performed slightly better than the 100-pl samplers (with regard to apparent scatter
of repeated sampling at similar concentrations), they did not display dramatic
improvements in performance. Conversion to the 50-pl filter sampling approach would
require that several potential sampling issues be addressed prior to a decision being
reached to change. For example, interference testing for other coexisting pollutants and
saturation testing of the reduced amount of nitrite coating solution on the filter would be
necessary. Therefore, no modifications to current procedures are recommended at this

time.

Although research continues in the Harvard laboratory to improve the
performance of the filter-based passive sampler, this series of experiments is convincing
in its confirmation of 100-u! filter performance. Additionally, an active sampling
approach using a hollow nitrite-coated denuder tube has also demonstrated its potential
utility in area or personal exposure sampling. The denuder tube sampling approach
offers some advantages for shori-term personal sampling. The 100-pl glass-fiber filter
passive sarmnpler is clearly the second viable sampling option.
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3.6.4 Results of Field Evaluation of Personal Ozone Samplers

The primary objective of the outdoor field experiment was to evaluate the active
denuder system under California ambient exposure conditions. A secondary objective
was to compare the relative performance of the active system with continuous monitors
and passive badges. A single-microenvironment (i.e., ambient) experiment at high
ozone concentrations was selected. An additional objective was to demonstrate that the
active systems can be wom by children with minimal intrusion (i.e., that they wear
them, and not remove them, and that they can continue their normal activities).

The working hypothesis for this experiment was that active denuders compare
well with continuous monitors, on average, and that precision for active systems is
significantly better than with passive badges. If the hypothesis is true, then active
samplers could be used for the remaining personal ozone experiments. The success of
the experiment was evaluated against performance criteria similar to those used for the
TED/badge sampler: relative precision of about + 20 percent, relative bias of about +
10 percent.

The experiment was conducted on July 19 and 21, 1994 at Bobby Bonds Park in
Riverside using 6- to 12-year-old children who attended a lunch/recreation program
from about 11:30 am. until 4:00 p.m. On each day 39 children wore small backpacks
for about 2% hours during normal outdoor activities. The activities included races;
playing kickball, soccer, or baseball; reading; doing art projects; going on a nature hike;
etc. The children took occasional water and rest breaks, plus a few took bathroom
breaks. Adult observers recorded general activities and locations for the children,
including when and for how long they might have gone inside or to the bathroom. In
general, most of the children spent all of their time outdoors within the area bounded by
the continuous monitors and the microenvironmental samplers; this means that the active
and passive samples should both agree with the continuous monitoring data, since all
were exposed to the same air mass.

Each backpack contained an active sampler with a passive badge attached on the
outside. The inlet to the active sampler and the passive sampler were between neck and
chest height. In addition, 10 percent of the students carried a collocated active sampler
and 10 percent carried a collocated passive badge. One trip blank was collected for
every five passive and active samples.

Two continuous ozone monitors were set up about 100 yards apart in the area
where the children were going to play, one near the first base line of the baseball field,
another near the right field fence. The monitors were calibrated before and after each
experiment; the data acquisition system was set up to collect data over 5-min averaging
periods.
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In addition, four backpacks were designated as microenvironmental samplers.
Each contained two active samplers and had two passive badges attached with no rain
cap (a cover used by HSPH in later experiments to reduce variations in the face
velocity). The microenvironmental samplers were placed under a tree where the
children spent some quiet time, under a tent similar to where they took water breaks,
and near the two continuous monitors.

The same procedures were used each day, including the following tasks:
¢ Continuous ozone monitors were set up and calibrated.
e Active sampling pum'ps were warmed up and their flows calibrated.
® Active and passive samples were prepared.

e Packs were first installed on the children, and then the active samplers and
passive badges were placed in or attached to the packs.

® Procedures were followed for recording the start and stop times of the active
samplers and the passive badges.

s  After sampling, the flow rates of the active sampling pumps were again
measured.

*  About 10 adult observers watched the children and recorded their activities and
general location during the sampling period. A sample of the time-activity log
sheet is shown in Figure 3-78.

The laboratory preparations and analyses were performed by Alison Geyh of
Harvard. Samples were kept cool at all times, except during sampling, and were
shipped to the field and returned to Harvard using an overnight service. Laboratory
analyses were performed in four batches, two for each day’s experiment. Laboratory
results were returned to STI for data processing. Field, laboratory, and data processing
procedures are documented in Lurmann et al., 19%4.

The results of the field evaluation are summarized below, and presented in
Figures 3-79 through 3-81 and Tables 3-24 through 3-28. The blank levels and LOD
for the active and passive samplers are shown in Table 3-24. Although there was some
variation between analysis batches, the data are consistent: the active sampler’s LOD
was very low at about 10 ppb-hr; the passive sampler’s LOD was higher, about 75 ppb-
hr, and similar to the LOD results during the chamber evaluation tests. Individual-batch
blank levels were used during data processing.
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Ozone concentrations at 5-min averages for the two continuous monitors are
shown for the time period of the experiments in Figure 3-79. Note that the personal
samplers were operated from 1:24 p.m. to 4:04 p.m. on July 19 and from 1:09 p.m. to
3:49 p.m. on July 21. The two monitors agreed well on both days, implying that the
gradient in ozone concentrations in the area was small.

Pairs of microenvironmental samples were placed under a tree, under a tent, and
near the two continuous monitors, one near the first base line of the baseball field,
another near the right field fence. The results for these samples are presented in Tables
3-25 and 3-26 and illustrated in Figure 3-80. For the active samplers, the pairs agree
quite well with each other. The active microenvironmental samples also agreed well
with each other; this again implies that the gradient in ozone concentrations in the area
was small. The pairs of passive microenvironmental samplers agreed less well within
pairs and with passive samplers at other locations. In addition, the active samplers
averaged about 6 percent below the continuous monitors, while the passive averaged
about 41 percent higher. The higher values for the passive sampler may be due to
variations in the sampler collection rate.

Ozone concentrations for the active samplers and passive badges worn by the
children, and the continuous monitors are listed in Tables 3-27 and 3-28, and illustrated
in Figure 3-81. A total of 78 students wore the samplers, 39 on each day. On July 19,
when the continuous monitors averaged 105 ppb, the average for the active samplers
was 91 = 7 ppb. On July 21, when the continuous ozone averaged 141 ppb, the active
ozone samplers averaged 136 + 12 ppb. This is an average negative bias of 8 + 8
percent, below (better than) the criteria for acceptance of the active sampler as a
personal monitoring device. The results for the passive badge are not as good: the
passive badges show a positive bias of about 21 = 19 percent, based on concentration
(Table 3-27), or about 18 * 30 percent, based on ratio to continuous (Table 3-28). In
addition, there was at least one outlier well beyond all the rest of the data. Figure 3-81
shows that the distributions of the active samplers and passive badges are significantly
different, both in shape and in bias, relative to the continuous monitors.

Conclusions from the field evaluation of the samplers are summarized below:

e The active sampler had a lower (better) LOD than the passive badge: 10 ppb-hr
versus 75 pp-hr.

® The ambient ozone concentration, as measured by two continuous monitors, was
quite consistent on each day, averaging 105 ppb on July 19 and 141 ppb on July
21. '

¢ The pairs of active microenvironmental samplers agreed quite well with each

other and between pairs. The passive microenvironmental sampler results agreed
less well.
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» The personal ozone concentrations as measured by the active samplers averaged
about 8 percent below the continuous monitor (bias), with a precision of about 8
percent. These results demonstrate that the active sampler meets the acceptance
criteria set before the experiment.

» The personal ozone concentrations as measured by the passive badges averaged
about 21 percent above the continucus monitor (bias), with a precision of about
18 percent. These results do not meet the acceptance criteria set before the
experiment. In addition, there were outliers in the data set.

» The personal ozone concentrations as measured by the active samplers had a
smaller bias and a lower precision than the concentrations measured by the
passive samplers.

e The field evaluation suggests that the active denuder personal sampler can
provide sufficiently accurate and precise personal ozone data to use in exposure
model evaluation studies. The passive badge does not have sufficient precision
or accuracy to meet the needs of this study.

* A small backpack with one or two active samplers inside was worn by students
for about 2% hours without significant problems; this setup was judged to be
suitable for additional experiments.

3.6.5 Personal Ozone Sampling Pilot Study
3.6.5.1 Pilot study description

The experiment in Bobby Bonds Park demonstrated that the active ozone sampler
performed adequately for a single microenvironment exposure. The next evaluations
were done to evaluate the active sampler performance in multiple microenvironments
and in situations where the children wearing the monitor were not under constant
supervision. Personal sampling in the school and home settings was also needed to
generate data on which to test how well a personal ozone exposure model based on time
activity diaries and microenvironmental concentrations would predict actual personal
exposures. Specifically, the modeling objectives were to:

Establish indirect exposure model performance with ideal (observed) inputs
Evaluate the adequacy of model using I/O ratios and self-reporting diary
information

Evaluate the importance of exposure away from school

Evaluate model performance on multiple weekdays and on weekend days
Provide a database for model evaluation
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A study was designed to measure the personal ozone exposure of elementary
school children during and after school hours and on the weekend, thus providing a
variance in the level of supervision during sample collection. This design allowed for
evaluation of the feasibility of using the active sampler without supervision and
assessing the effects of the level of supervision on the quality of the personal
measurements.

Sampling started on October 6, 1994 and continued for 4 consecutive weeks,
with a week defined as starting Thursday and ending the following Wednesday. One
school was visited each week with sampling occurring on Thursday, Saturday, and
Tuesday. Four elementary schools that were located in the generally high ozone
communities of Upland and Mira Loma were selected for the study. The schools were
Pepper Tree and Sky Country Elementary Schools in Upland and Magnolia and Troth
Elementary Schools in Mira Loma. Between 27 and 39 children participated each day,
generally from two different classrooms. All children were in the sixth grade,

Four different types of personal ozone samples were collected depending on the
day of week. On Thursdays, one personal ozone sample was collected extending from
the beginning of school to approximately 6:00 p.m. On Saturdays, one sample was
collected from approximately 9:00 a.m. to 6:00 p.m. On Tuesdays, one sample was
collected from the beginning of school to end of school and a second sample was
collected from the end of school to approximately 6:00 p.m. About 10 percent of the
children carried a collocated sampler, and trip blanks were collected for about every five
samples. For the afternoon Tuesday and all-day Thursday sample, the students were
responsible for stopping sample collection in the evening. On Saturday, they were
responsible for both starting sample collection in the morning and stopping it in the
evening. Students were given watches to help them accomplish this task.

During school hours, a study observer recorded the time activity of the children.
For after-school hours, the children were given a small time-activity diary, which they
carried with them in their fanny pack. A sample of the diary is provided in Figure 3-
82. The children were responsible for recording their sample start and stop times, and
an howrly summary of their time activities. To help students accurately fiil out their
diary, they were given watches set to chime every hour to remind them to write in their
diaries. The watches also beeped when it was time for them to stop the sampler.
Written instructions were given to the children, which included a phone number where
they could reach a member of the study team if they had any questions. In addition to
the personal samples, microenvironmental samples using TED samplers were collected
in classrooms of participating students and at one central location on the school grounds.
Ambient data in the two communities were available from the central community
monitoring sites.

Members of the field team were in the school each day of the school week,
either to hand out or collect samplers/backpacks, diaries/fanny packs and watches.
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When any of the above items were not returned due to absences or because the student
forgot, a member of the team retrieved the missing item or ensured that it would be
brought to school the next day.

The sampling protocol was as follows:

e Sampling tubes were coated at the Harvard School of Public Health (HSPH) and
shipped overnight to the University of Southern California on ice.

» Sampling tubes were shipped with a sheath of protective polyurethane tubing and
capped on each end.

e Before being employed in the field each tube was fitted with an inlet, outlet and
piece of PVC protective tubing.

* Pumps were turned on 1 to 1% hours prior to checking the flow rates.

e Sampling tubes were brought to the school cold and allowed to warm during the
time that pump flow rates were being calibrated and data log sheets were being
prepared.

e On the first day of sampling at 2 new school, study personnel instructed students
in groups of four to five about how to start and stop sampling.

e  After the study was completed, the tubes were shipped cold overnight to HSPH.

Additional procedures were followed for each type of sample to ensure consistency
among the different communities.

The laboratory preparations and analyses, and initial data processing were
performed by Alison Geyh of HSPH. Laboratory analyses were performed in about
four batches per school. Laboratory results were returned to STI for data processing
and analysis. The time activity diaries were sent to USC, where they were coded into a
database. This database was then sent to STI for use in the personal ozone model
development.

3.6.5.2 Pilot study results

The results of the pilot personal ozone study are summarized in Tables 3-29
through 3-31, and Figures 3-83 and 3-84. The blank levels and LODs are shown in
Table 3-29. There were three to four batches per school, and the blank level used for
the personal samples corresponded to the batch that tube was taken from. The average
LOD was 8.4 ppb-hr, with a range of 1.7 ppb-hr to 15.2 ppb-hr. The range in blank
concentrations was 0.055 pg/ml to 0.569 pg/ml. Thus, there was significant variation
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among the different batches. However, given that the sampling times were between 4
and 9 hours, even the batches with the highest blank levels have LODs in the range of 3
ppb for the shortest sampling times. This was sufficient for the purposes of this study.
It is worth noting that the passive sampling devices would not have had sufficient
detection for this sampling protocol.

Table 3-30 shows the measurement schedule, the number of participants, and the
ambient and school microenvironmental concentrations. The ambient concentrations
ranged from 33 to 54 ppb. The ambient concentrations were unusually low for these
areas and the dynamic range of the concentrations was extremely low for purposes of
model testing. The low ambient ozone concentrations during the pilot study severely
limited the utility of the data for validation of the personal ozone model. The outdoor
school microenvironmental concentrations were similar to the ambient concentrations for
Pepper Tree and Troth, while the outdoor school microenvironmental concentrations
were lower than the ambient concentrations for Magnolia and Sky Country. The indoor
school microenvironmental concentrations were negligible except for Pepper Tree.

Generally, the children were able to follow the instructions for use of the
sampler given by study personnel. However, there were several samples which had to
be either invalidated or listed as suspect as a result of problems observed by the field
and laboratory staff at the time of instrument check-in. These problems included:

Sampling tubes pulled apart or {oose
Caps on pump removed
¢ Sampling inlet loose or separated from tube.

Also, during the first week of sampling, some of the tubes were improperly flow tested,
which may have resulted in some leaking tubes being used for sampling. As the study
progressed, fewer of these problems occurred. Most of the problems were related to the
sampler housing. HSPH is presently testing an improved prototype sampler housing that
is expected to prevent some of the problems identified in this pilot study. With these
improvements, and given the ability of most of the students to use the sampler properly,
we expect that the active sampler can be utilized in large field studies without
significant problems.

About 10 percent of the children wore collocated monitors to test the precision
of the monitor. Most of the microenvironmental samples were also collocated. The
average percent difference of the collocations (personal and microenvironmental
combined) was 43.1 percent. However, if only samples above 10 ppb were included,
the percent difference was 28.4 percent. For only microenvironmental samples above
10 ppb, the percent difference was 40.5 percent, and for only personal samples, the
percent difference was 25.0 percent. The fact that the personal samples had better
precision was unexpected since there are more potential complications when the sampler
is carried by active children than when used as a stationary microenvironmental sampler.
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The precision was not nearly as good as obtained in the sampler field evaluation.
However, in that study the concentrations being measured were much higher and the
children were supervised during the entire sampling period. Also, in the Bobby Bonds
Park study, the children were not required to assemble or disassemble the samplers at
any time. Thus, the personal sampler can potentially provide reliable data if the
children are adequately supervised. The lack of precision in these data significantly
limits the usefulness of these data for refinement and evaluation of exposure models.

Figures 3-83 and 3-84 show box and whisker plots of the ranges of personal
exposures for each type of sample and each school. These data are also summarized in
Table 3-31, which shows the mean, median, and lower and upper quartiles for each day
and sample type. For several of the days, the mean exposure was considerably higher
than the median exposure. This is due to the inclusion of several outliers, not all shown
on the box plots. The difference between the lower and upper quartiles sometimes
exceed the average and/or median exposures. This high variability is due in part to the
imprecision of the active sampler and in part to differences in the time-activity profiles
of the students. The precision of the monitor was not adequately quantified at these low
concentrations so we are not able to determine which is most important. However, if a
significant amount of the variance is a result of sampler imprecision and if the
imprecision also occurs at higher ozone levels, then this original HSPH active sampler is
probably not suitable for future studies, (i.e., larger scale summer studies).

On the other hand, the HSPH has re-engineered the packaging of the active
sampler (in 1995) to reduce leakage which may improve precision. In addition, the
precision data collected at higher concentrations (in the Bobby Bonds Park experiment)
were much better than those collected at the low concentrations that occurred in the
pilot study. Further testing of the re-packaged active sampler is needed to assess
whether it is sufficiently precise to provide data for exposure model development and
evaluation.

3.6.5.3 Personal ozone exposure model

Model Description

A personal ozone exposure model was developed based on the
microenvironmental approach, which was discussed in detail in the Phase 1 report,
(Peters et al., 1992a). Briefly, in the microenvironmental approach, the personal
exposure is determined by summing the exposure in each microenvironment that the
subject spends time during the exposure period. Our personal exposure mode] breaks
the sampling period of the subject into 20-minute increments, and assigns a
microenvironment (including whether the subject was indoors or outdoors) for each time
increment, and then uses this information to assign an exposure to that increment as will
be described below. The total exposure for that individual is determined by summing
the exposures in each time increment.
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The time-activity diary given to the children was divided into 1-hr blocks. For
each hour, the child was asked, "Where were you during this time?", and "What amount
of time was spent outdoors?" For the first question, the possible answers were: (1)
home, (2) near home, (3) school, and (4) other. We only have indoor and outdoor data
for the school microenvironment. For the three other microenvironments, we used the
hourly ambient monitoring station data in that community, and for indoor exposures in
these microenvironments, we used an indoor/outdoor ratio of 0.2, which was the
preliminary estimated average indoor/cutdoor ratio for ozone from the residential study.
The indoor/outdoor ratio determnined from the final residential study data was somewhat
higher (0.3). Given the amount of time the children spent in their residences, this
difference in [/O ratio will only have a minor effect on the exposure estimates. The
children had the option of choosing more than one answer to this question if they were
in more than one microenvironment during this period. If the children checked two
microenvironments and circled one of them to indicate that they were in that one the
most, then 40 minutes were assigned to the microenvironment circled as being in the
most and 20 minutes to the other. If they checked two microenvironments and did not
circle where they were most, one microenvironment was randomly assigned 40 minutes
and the other 20 minutes. If the children checked three microenvironments, regardless
of whether they circled one as being in the most, 20 minutes were assigned to each
microenvironment,

The choices for the amount of time outdoors question were: (1) none, (2) some,
(3) most, and (4) all. The amount of time outdoors was assigned as follows:

(1) None - 0 minutes
(2) Some - 20 minutes
(3) Most - 40 minutes
(4) All - 60 minutes

There was also a question for the amount of time in travel, but because we do not have
extensive information on transportation exposure, we did not use this data. The travel
time was typically only a small portion of the total exposure time, so it should not
significantly decrease the predictive ability of the model.

The children did not always fully complete the diary. If a child did not
complete more than 3 hours during the sampling period, then this measurement was not
used in the subsequent analysis. If data were missing for 3 hours or less, then the
missing hours were assigned microenvironments (including whether they were indoors
or outdoors) based on the distribution of responses of the other children during the
particular hour and sample type. For children where this was necessary, a flag was
added to denote that part of the diary was completed by using average values. In
addition, as discussed above, a “QA/QC” flag was included that denoted which active
sampler results were considered suspect by the field or laboratory technicians.
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Model Results

The personal ozone model, based on /O ratio and time-activity diary data, was
developed to evaluate how well this type of information can be used to predict personal
exposures as a surrogate for actual personal measurements. We also investigated how
well ambient data predicted personal exposures. Regression results for these models are
shown in Table 3-32. Three levels of data were used: (1) all data, (2) only non-suspect
data, and (3) only non-suspect data with complete time-activity diaries. For the
regression of the personal exposure versus the model predicted exposure, the correlation
was poor when all the data were included, and improved for the next two levels. For
the complete and non-suspect data, the model predicted 21 percent of the variation in
the data, and the ratio of the personal exposure mean to the model predicted mean was
0.73. This indicates that the model over-predicted the personal exposure. A plot of the
personal exposure versus the model prediction is shown in Figure 3-85. While the
correlation was low, it was significantly better than the prediction based on ambient
concentration alone, which only predicted 6 percent of the variation in the personal
exposures. The ratio of means between the personal exposure and ambient
concentrations was 0.28, indicating that the personal exposure is about a quarter of the
ambient concentration. Another model, which estimated personal exposure only from
the time spent outdoors and the outdoor community monitor ozone data, predicted 13
percent of the variation in the personal ozone data.

The data were further divided by sampling type, and the results are shown in
Table 3-33. The Tuesday moming sample had the highest correlation, predicting 44
percent of the variation. The ratio of means was also very close to one. This was not
unexpected because the children were at school and supervised for this entire sampling
period, thus their location and the ambient concentration to which they were exposed
were known. However, even though the ratio of means is near one, the slope of the
model is less than one (0.56), and the intercept is greater than zero (3.28). This
indicates that the model underpredicted low exposures and overpredicted the high
exposures. The other three sampling types had significantly lower correlations.

The data were also divided by school, and these results are shown in Table 3-34.
The highest correlation was for Magnolia. However, the slope for Magnolia was close
to zero and statistically non-significant. The slopes for Sky Country and Troth were
closer to unity, but the correlations were lower. The better slopes at Sky Country and
Troth may reflect the lower frequency of sampler problems in the last two weeks of the
study.

Finally, the data were grouped by sampling type and school. Within each of
these groups (16 = 4 sampling type x 4 schools), the personal exposure and the ambient
concentration were averaged. This technique allows for the averaging of some of the
sampler imprecision. Figure 3-86 displays the average personal exposure and average
ambient exposure. A regression on the data yielded a correlation coefficient of 0.46,
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which is significantly better than the correlation (0.06) using individual personal
samples. Because the estimates of personal exposure for children were not evenly
distributed, the median personal exposure data were also compared to ambient data (see
Figure 3-87). A regression on the median exposure data yielded a correlation
coefficient of 0.42, which is also considerably better than with the individual personal
samples. These group data provide stronger evidence that personal exposures are linked
to ambient ozone concentrations.

The following conclusions can be drawn from the results of the pilot personal
ozone study and corresponding personal ozone model validation:

* The active sampler had a sufficiently low LOD for short-term personal sampling,
(LOD averaged 8.4 ppb-hr in 15 batches; the LOD ranged from 1.7 to 15.2 ppb-
hr).

¢ Children were generally able to follow the instructions for using the sampler, but
there were some problems with parts of the sampler being separated while
sampling.

* Precision of the active sampler was +43.1 percent for all samples, and
+28.4 percent for samples above 10 ppb. The precision in the pilot study was
not nearly as good as in the Riverside field evaluation of the sampler where the
precision was 18 percent.

¢ There was high variability among the measured personal exposure
concentrations. However, on average, the personal ozone exposures were only
28 percent of the ambient ozone levels.

¢ For all non-suspect samples with complete corresponding diaries, the personal
ozone exposure model predicts 21 percent of the variability in the personal
measurements.

* Ambient ozone concentrations were only able to explain 6 percent of the
variability in the personal measurements.

e The personal ozone exposure model performed best (i.e., highest r?) on samples
where the children were supervised for the entire sampling period and where the
children were at school, rather than at home or elsewhere.

The low precision of the samplers used in this study significantly limit the development
of an adequate model. However, given the imprecision of the monitor, it is significant
that the personal exposure model provided considerably better predictive power than the
model using only the ambient concentration data alone.
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3.7 MODELING INDIVIDUAL AIR POLLUTION EXPOSURE
3.7.1 The Model

As noted above, one of the objectives of the exposure assessment program is to
develop individual exposure estimates for the study participants for each year of the
study. Because it is not possible to directly measure the personal exposure to the
pollutants of interest on every participant for every hour of every year (or anything
close to this), the individual estimates must be derived from personal exposure models.
Although most of the exposure assessment resources in Phase II were devoted to
collecting the data needed as inputs to the exposure model, a small effort was made to
develop prototype exposure models for ozone and NO,. No attempt was made to model
personal PM exposure in Phase II because PM has not yet been measured in the schools
and PM data from the residential program were not available during Phase II.

All modern exposure models use the microenvironmental approach where the
integrated exposure is estimated as the sum of the exposures in each microenvironment
occupied by the individual for the time period of interest (Sexton and Ryan, 1988), as
shown below.

M
Ey =3, Cin Al @
m=1
where
E; = integrated exposure of the ith individual in the jth community
Cjn = concentration in the mth microenvironment when it is occupied by the
ith individual in the jth community
At,, = amount of time the ith individual in the jth community spent in the mth
microenvironment

In order to express exposure in the familiar units of concentration, rather than
concentration-time, the time-weighted-exposure (7WE) is commonly used. It is
calculated from

. ,
_ 1
TWE; = ——— ,,; Cim ALy, @
;Atijm

This approach is used in the Regional Human Exposure (REHEX) model (Lurmann et
al., 1989; Lurmann, 1993) and the NAAQS Exposure Model (McCurdy and Johnson,
1989), which are designed to estimate the distribution of exposures to urban air
pollutants for the general population. Substantial modifications were made to the
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REHEX model in this study to allow it to estimate personal exposures for epidemiologic
purposes. The microenvironmental approach requires assignment of a microenvironment
for each person during each part of the day and estimation of the concentration in that
microenvironment. The microenvironment assignment procedures and
microenvironmental concentration estimation procedures used in the prototype model are
described below.

The assignment of microenvironments was principally based on the annual time-
activity questionnaire data collected in 1993. The questionnaire asked the students to
estimate the amount of time they spent outdoors for various periods during the day for
non-summer weekdays (i.e., school days), non-summer weekends, and summer days.
This division of types of days was used for the modeling database. Our knowledge of
the school schedules and information in the diaries allowed us to consider three
microenvironments: (1) indoors at home, (2) indoors at school, and (3) outside. The
questionnaire asked the students to base their estimates for these particular types of days
on the last 2 weeks for the non-summer period and a typical 2-week period for the
summer. The students’ responses were expressed as the number of days (e.g., 0 to 10
weekdays in the 2-week period) that they were outdoors for a particular time period. In
the modeling database, the assignments for each day of the year were made
probabilistically based on the data. The questionnaire data only covered selected hours
of the day; assumptions were necessary to assign microenvironments for the non-
surveyed hours of the day. The procedures and assumptions for the microenvironmental
assignments are listed below.

Non-Summer Weekday

e Midnight to 8:00 a.m. and 6:00 p.m. to midnight were assigned indoors at home.
e 8:00 a.m. to 2:00 p.m. were assigned indoors at school.
e Two hours, randomly chosen, between 6:00 a.m. and 2:00 p.m. were assigned as

outdoors.
e 2:00 p.m. to 6:00 p.m. were assigned probabilistically, based on the survey data.

Non-Summer Weekend

Midnight to 9:00 a.m. and 9:00 p.m. to midnight were assigned indoors at home.
9:00 a.m. to 6:00 p.m. were assigned probabilistically, based on the survey data.
6:00 p.m. to 9:00 p.m. were assigned 40 minutes outdoors for the 3-hr period,
randomly selected. This was considered a reasonable estimate for 9 to 18 year-
old chiidren.

Summer

Midnight to 9:00 a.m. and 9:00 p.m. to midnight were assigned indoors at home.
¢ 9:00 am. to 9:00 p.m. were assigned probabilistically, based on the survey data.
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The microenvironmental assignments were made in 20-minute increments for each day
of the year. The survey typically asked if the student spent at least half of the time
outdoors for each time period (e.g., 2 hours out of a 3-hr period, or 30 minutes out of
an hour). Thus, for each hour in the survey reported as principally outdoors, 40 minutes
were assigned to outdoors activities. The other 20 minutes were assigned as indoors at
home or indoors at school, as appropriate.

The basis for the concentration estimates for each microenvironment was the
hourly ambient ozone and NO, data collected in each community. For the outdoor
microenvironment, the exposure was simply assigned the ambient concentration for that
hour. During the school monitoring program, the indoor and outdoor ozone
concentrations were measured at 48 of the 50 schools in 1993. The average ozone
indoor to outdoor ratio over the 1993 and 1994 sampling periods for each scheol was
calculated and used to determine the school microenvironment. For schools where no
measurements were made, the preliminary average (0.19) from all of the schools was
used. For nitrogen dioxide, there were no school measurements, so a nominal
indoor/outdoor ratio of 0.5 was chosen from the literature (Spengler et al., 1994). The
exposure estimation was then made by multiplying the community monitoring site
concentration by the indoor/outdoor ratio.

Data were not available for indoor concentrations or for the indoor/outdoor ratios
at individual student’s residences. The preliminary data from the companion residential
study indicated that the typical indoor/outdoor ratio for ozone in Southern California
residences was about 0.2. The final data from the companion residential study indicates
that the mean indoor/outdoor ratio for ozone is somewhat higher (0.3). Nevertheless,
the value of 0.2 was used for all of the students’ residences. For nitrogen dioxide, there
was also no student-specific information on the indoor/outdoor ratio. However, the
housing questionnaire did ask the students if their homes had gas stoves and/or gas pilot
lights, which are known to increase indoor nitrogen dioxide concentrations. Spengler et
al., (1994) has found in the Los Angeles Basin that the typical indoor/cutdoor ratio for
nitrogen dioxide is about 0.4 when there is no gas stove or pilot light. When there is a
gas stove, the indoor concentration is typically 12 ppb higher, and when there is also a
pilot light the indoor concentration is about 15 ppb higher. Thus, for nitrogen dioxide
there are two additional microenvironments: (1) indoors at home with gas stove without
a pilot light and (2) indoors at home with gas stove with pilot light.

3.7.2 Results for Ozone

Individual estimated ozone exposures were generated for all of the students
evaluated during the 1993-94 school year for the May to September period (the summer
ozone season in Southern California). Box-whisker plots of the average 10:00 a.m. to
6:00 p.m. ozone exposures for students in each community are shown in Figure 3-88.
The average estimated exposure and ambient concentrations during this period are
compared in the lower portion of the figure. All of the individual ozone exposure
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estimates were below the ambient concentrations for their community. The within-
community variance in estimated exposure is significant, which should ultimately
enhance the statistical power of the study to detect effects. The within-community
variance is underestimated in these calculations because none of the variations in
indoor/outdoor ratios for individual residences are included.

The model estimates also suggest that between-community variance is significant
and important. For example, Figure 3-88 shows that the interquartile ranges for the low
ozone communities of Lompoc, Long Beach, Atascadero, and Santa Maria do not
overlap with the interquartile ranges of most of the other communities. There is
significant overlap of the interquartile ranges between the moderate and high ozone
communities; however, the upper-quartiles of the high ozone communities are
significantly higher than those for the moderate ozone communities.

The results from the o0zone exposure model are interesting and plausible,
however, they have not been verified. Additional personal ozone exposure data, in
conjunction with residential measurements and time-activity diaries, are needed to
provide a database for model evaluation and model refinement.

3.7.3 Results for Nitrogen Dioxide

Individual estimated nitrogen dioxide exposures were generated for the 1993-94
school year students for January to December, 1994. Box and whisker plots of the
distributions of annual estimated personal NO, exposures in each community are shown
in Figure 3-89. A comparison of the mean estimated exposure and the 1994 ambient
NO, concentrations is presented in the lower portion of the figure. The ambient
concentration and mean exposure for NO, are correlated, but not as strongly as those for
ozone. The model estimates large ranges of individual NO, exposure within each
community (note the extended lower tails of exposure distributions in several
communities). The large range is due to the bimodal distribution of indoor NO,
concentrations resulting from homes with and without significant indoor sources of NO,.
The results suggest that if the presence of gas stoves and pilot lights were not accounted
for, the individual NO, exposures would be significantly misclassified. Also, for
communities with low ambient concentrations, the indoor source contributions were
dominant and the estimated personal exposures exceeded the ambient concentrations. |
For the communities with higher ambient NOQ, concentrations, the ambient
concentrations dominate personal exposure. The NO, results also suggest that if efforts
are not made to classify on the basis of personal exposures, there will be a loss of
statistical power as a result of the large variations of personal exposure within
communities. At the very least, adjustments need to be made to account for the large
effects of gas stoves and pilot lights. Variation in personal exposure, if accounted for,
increases power while unaccounted for variation decreases power.
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38 SUMMARY AND CONCLUSIONS
3.8.1 Exposure Assessment
3.8.1.1 Two-week aerosol/acid sampler development

An extensive effort involving laboratory component testing, field component
testing, and complete system field testing was undertaken to develop a Two-Week
Sampler (TWS). The performance of the new sampler exceeded the accuracy
requirements for measurements of PM, ; mass, PM, ; sulfate, PM, ; nitrate, and PM,
ammonium aerosol. For nitric acid, the sampler has a 15- to 30-percent positive bias.
The accuracy of the sampler’for hydrochloric acid, formic acid, and acetic acid was not
assessed. Seventeen samplers were built for the project. During the first year of
sampling, the samplers had adequate precision {(£15 percent) for differentiating the
concentrations between the 12 communities.

3.8.1.2 Time Exposure Diffusion ozone sampler development

A Timed Exposure Diffusion (TED) ozone sampler that uses the Koutrakis ozone
measurement method was developed to facilitate economical and concurrent sampling in
a large number of schools. Laboratory evaluation of the sampler showed that it was not
affected by interference from NO,, nitrous acid, PAN, or SO,. However, it does
respond to nitric acid and hydrogen peroxide, which both generally have low ambient
and indoor concentrations relative to ozone. Field evaluations showed the device was
able to measure ozone with a +6 percent bias and +12 percent precision on average,
which meet the study’s requirements. Fifty TED samplers were built for the program.

3.8.1.3 Personal ozone sampler evaluation

The Koutrakis active hollow tube denuder, which uses a sodium nitrite-coated
denuder together with a small pump, was tested over a broad range of concentrations in
the laboratory chamber. The results showed that it had a lower limit of detection than
the passive Koutrakis badge and that it measured ozone with little bias and good
precision.

An "all outdoor” experiment was conducted where personal ozone was sampled
for 2% hours on 78 children on two summer afterncons in Riverside. Ambient ozone
concentrations were 100 to 140 ppb on these afternoons. Each child had both the
Koutrakis passive ozone monitor and the Koutrakis active hollow tube denuder.
Wearing an active denuder in the backpacks did not interfere with the children’s
activities. The data show the personal ozone levels measured by the active monitoring
device were 8 £ 8 percent lower than the stationary continuous monitoring data on
average. The passive device ozone data were 18 +19 percent higher than the stationary
continuous monitoring data on average and had outliers. The field evaluation suggested
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the active hollow tube denuder can provide sufficiently accurate and precise personal
ozone data to use in exposure model evaluation studies when the children are adequately
supervised and when ambient ozone concentrations are 100 ppb or higher. If the
children are not supervised, precision of the data may be compromised prohibiting their
use in the refinement of evaluation of exposure models. The passive sampling device
does not have sufficient precision to meet the needs of the study, although it may be
useful for categorizing a subject’s ozone exposure as high, medium or low.

3.8.1.4 Current ambient air quality in the 12 communities

The first full year (December 1993 to December 1994) of measured ambient air
quality data in the 12 communities indicates the concentrations of ozone, NO,, and PM,,
are generally in agreement with the expected pollutant profiles. The measured
concentrations of gaseous inorganic acids (HNO, and HCI) do not agree as well with the
study design profiles as those for ozone, NO,, and PM,,. Atascadero, Santa Maria, and
Lompoc have low concentrations of all pollutants relative to the other communities, and
San Dimas, Upland, Mira Loma, and Riverside have moderate or high concentrations for
all pollutants. These are good choices for unpolluted and polluted communities.

For ozone, 10 of the 12 communities have the expected profiles based on the
annual average daily 1-hr maximum values and all of the communities have the
expected profiles based on the May to September "high ozone season" data. The annual
average ozone at Upland and Mira Loma was lower than expected, but both
communities rank as high for ozone based on the "high ozone season" data. Lake
Arrowhead stands out as the highest ozone community.

For NO,, 10 of the 12 communities have the expected relative concentration
rankings. The exceptions are Lancaster, which has moderate NO, levels rather than low
levels, and Lake Arrowhead, which has low levels rather than moderate levels. These
differences are minor and will not affect the ability of the study to detect effects of
NO,. Upland is the highest NO, community in the study.

For PM, 10 of the 12 communities have the expected relative concentrations
based on PM,, and 11 of the 12 communities have the expected relative concentrations
based on PM,;. San Dimas and Riverside have moderate PM,, levels rather than high
PM,, levels; however, both have high PM, ; levels. Lancaster has low PM, ; levels
rather than the moderate levels expected; however, it has moderate PM,, levels. Mira
Loma stands out as the highest PM community. The PM,, levels at Riverside were
surprisingly low compared to those at Mira Loma and the historical PM,, levels at
Rubidoux; both of these sites are within 15 km of the Riverside monitoring station.
Efforts are underway (in Phase III) to investigate the cause of the unexpectedly low
PM,, concentrations at Riverside.
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For inorganic acids, seven of the 12 communities have concentrations that match
the expected profiles (two high-acid, two moderate-acid, and three low-acid
communities match). However, Lancaster and Long Beach had low and moderate
levels, instead of high levels, and Alpine and Mira Loma had moderate instead of low
levels. The largest deviation from the design profile was at Riverside which had high
levels instead of expected low levels. The organic acid levels exceeded the inorganic
acid levels at all sites; the relative ranking of communities for organic acids was mostly
similar to that for inorganic acids. The absence of low inorganic acid concentrations at
Riverside and Mira Loma, where other pollutants are high, may compromise the ability
of the study to separately detect the effects of acidic species from ozone, NO,, and PM.
This issue will be evaluated in more detail in Phase III (see section 4.8).

Overall, the observed ranges of long-term average concentrations between the
unpolluted communities and the most polluted communities are in agreement with the
design expectations (i.e., factors of three to five differences in annual average
concentrations).

3.8.1.5 Ozone at schools

The TED sampler 8:00 a.m. to 3:00 p.m. integrated ozone data indicate indoor
ozone levels were low relative to outdoor levels in almost all schools. The indoor
concentrations ranged from below the detection limit (8 to 10 ppb) to 40 ppb, while the
outdoor concentrations ranged from 10 to 120 ppb. Almost half of the indoor ozone
concentrations were below the detection limit of 8 to 10 ppb, which was a somewhat
surprising result. The mean indoor/outdoor ratio was 0.32 for samples with
concentrations above the LOD. The highest ozone concentration measured indoors was
40 ppb, which is comparable to the tropospheric background concentration at this
latitude. The low indoor ozone levels and low indoor/outdoor ratios are believed to be
due to the prevalence of air conditioning in the schools, which usually results in low
ventilation rates because the windows are closed when the air conditioning is used.

3.8.1.6 Within-community variance in ozone

The school outdoor ozone data indicate there was modest within-community
variance in ambient ozone concentrations. In most cases, the 8:00 a.m. to 3:00 p.m.
integrated ozone concentrations outdoors collected at different schools were within +20
ppb of the levels recorded at the community monitoring station. In other cases,
differences as large as 40 ppb (80 versus 120 ppb) were observed.

3.8.1.7 Pilot study of children’s ozone exposures
A pilot personal ozone monitoring study was conducted on 140 sixth grade

students in San Dimas and Mira Loma in Qctober. The ambient ozone concentrations
during the study were unusually low and had a small dynamic range (daytime
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concentrations of 33 to 54 ppb). The pilot study demonstrated the feasibility of using
the newly developed active personal ozone sampler on children for short-term (4 to 9
hours) sampling along with hourly time-activity diaries. For part of the sampling, the
children were unsupervised and were required to assemble and disassemble the sampler.
The active samplers had adequately low limits of detection for the experiment, but its
precision was substantially poorer than in the summer field evaluation in Riverside.
Subsequent to the pilot study, the HSPH researchers re-engineered the active sampler to
address the leakage and assembly/disassembly problems discovered in this pilot study.

The personal ozone data showed there was high variability among the students’
exposures and the average personal ozone levels were only 28 percent of the ambient.
Analysis of the individual data indicated that the ambient ozone concentrations
explained only 6 percent of the variance in personal exposure. However, when the
personal ozone data was grouped by sample type and school, the ambient ozone
explained 46 percent of the ‘variance in average personal ozone. This result clearly
establishes the linkage between personal and ambient ozone.

An exposure model that used the ambient concentrations in conjunction with the
students’ time-activity diaries explained 21 percent of the variance in personal ozone
exposure. The low levels and lack of dynamic range in the ambient ozone
concentrations along with the poorer precision of the data limited the utility of the data
for model evaluation. Future personal ozone experiments should be conducted in
summer, rather than October in order to capture a broader range of concentrations, and
with re-engineered personal samplers to improve precision.
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Table 3-1.

The initial dates of the air monitoring for Phase II.

Monitoring Site

Initial Date of Pollutant Monitoring

Ozone NO, PM,, Acids and | Temp and
Aerosol

Atascadero E* E 12/01/93 | 12/16/93 N°
Santa Maria® E 12/14/93 | 12/04/93 12/16/93 E
Lompoc 10/30/93 | 10/30/93 | 10/30/93 12/16/93 N
Lancaster E E 11/14/93 12/15/93 E
San Dimas 10/ l__6/ 93 | 10/16/93 | 10/16/93 12/16/93 N
Upland E E 11/05/93 12/16/93 E
Long Beach E E E 12/15/93 E
Mira Loma - 10/15/93 | 10/15/93 | 10/15/93 12/16/93 N
Riverside 09/25/93 | 09/25/93 | 09/25/93 12/16/93 N
Lake Elsinore E 11/03/93 | 11/03/93 12/16/93 N
Lake Arrowhead’ 03/15/94 | 03/15/94 | 03/11/94 03/14/94 03/10/94
Alpine° E E 02/25/94 02/25/94 02/25/94
* E = Existing monitoring equipment operated by ARB or a local district.
P N= Nearby monitoring equipment by NWS or local district.
¢ ARB approval was not obtained until December 1993.
d Site approval by the school district was not received until February 1994.
€
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Table 3-2. Summary of the 1994 annual average ozone levels in the 12 communities.

24-hr 10am-6pm 2pm-6pm Average
Average Average Average Daily 1-hr
0, 0O, 0, Maximum O,
Community (ppb) {ppb) (ppb) (ppb)

Atascadero 248 415 40.3 50.2
Santa Maria 21.7 30.0 29.1 37.1
Lompoc , 284 37.6 37.9 42.7
Lancaster 33.2 46.3 50.4 59.4
San Dimas 26.9 61.0 61.1 83.1
Upland 252 52.7 57.4 73.1
Long Beach 18.8 28.7 28.7 41.2
Mira Loma 27.1 58.5 57.6 75.0
Riverside 30.6 63.6 64.3 80.2
Lake Elsinore 35.7 60.6 62.1 75.0
Lake Arrowhead 70.8 84.2 93.0 106.3
Alpine 4.0 62.4 59.2 76.7
Average 32.3 52.3 53.4 66.7
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Table 3-4. Summary of May to September 1994 average ozone levels in the
12 communities.

Community 24-hr 10am-6pm 2pm-6pm Average
Average O, Average O, Average O, Daily 1-hr
(ppb) (ppb) (ppb) Maximum O,
(ppb)

Atascadero 30.0 48.7 459 58.2
Santa Maria 22.5 29.5 28.6 37.0
Lompoc 23.3 30.8 30.7 34.9
Lancaster 48.4 64.3 72.9 843
San Dimas 37.9 92.2 92.1 125.7
Upland 40.5 88.4 97.0 119.2
Long Beach 27.5 40.0 40.5 55.5
Mira Loma 37.8 86.1 8.1 107.9
Riverside 45.5 97.1 97.9 121.1
Lake Elsinore 47.4 79.4 81.6 100.6
Lake Arrowhead 81.9 103.6 118.8 136.7
Alpine 47.2 72.4 66.8 50.0
Average 40.8 69.4 71.4 89.3
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Table 3-6. Summary of 1994 annual average and May to September
ambient nitrogen dioxide levels in the 12 communities.

May to September Annual
24-hr Average 24-hr Average

Communiry (ppb) (ppb)
Atascadero 11.8 14.0
Santa Maria 4.8 5.0
Lompoc : 29 4.2
Lancaster 18.2 18.9
San Dimas | 39.2 35.8
Upland 4.0 40.9
Long Beach 28.6 34.8
Mira Loma - 283 29.8
Riverside 27.6 32.6
Lake Elsinore ' 17.9 20.4
Lake Arrowhead 6.8 8.2
Alpine 14.0 12.9
Average 20.3 21.5
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Table 3-7. Summary of 1994 annual average ambient PM,q levels in the 12 communities.

Average
24-hr 10am-6pm 2pm-6pm Daily 1-hr
Average PM,, | Average PM,, | Average PM,, | Maximum PM,,

Community (pg/m’) (ng/m*) (ug/m*) (pg/m’)
Atascadero 20.1 17.5 17.9 41.6
Santa Maria 22.8 30.0 30.8 45.6
Lompoc 14.5 14.8 16.1 30.0
Lancaster 30.3 30.8 35.9 77.5
San Dimas 28.0 32.4 32.8 50.7
Upland 37.9 41.4 41.7 69.6
Long Beach 31.3 35.1 31.7 61.3
Mira Loma 55.2 52.4 54.6 116.6
Riverside 33.6 36.8 38.6 67.9
Lake Elsinore 30.5 27.7 30.8 59.2
Lake Arrowhead 224 343 33.9 63.5
Alpine 22.3 27.7 26.6 39.1
Average 20.1 31.7 32.6 60.2
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Table 3-10. Precision of the two-week sampler based on collocated measurements.

Lower Quantifiable Pooled Coefficient of
Pollutant Limit Variance (%)

PM, 5 Mass 5.5 ug/m’ 11.1
PM, 5 Nitrate 0.15 pg/m’ 8.6
PM, 5 Ammonium 0.03 pg/m’ ' 7.1
PM; Chloride. 0.31 pg/m’ N/A
PM, 5 Sulfate | 0.45 pg/m’ 12.1
Hydrochloric Acid 1.54 ppb N/A

Nitric Acid 0.09 ppb 11.1°

Formic Acid 0.18 ppb 10.8
Acetic Acid (.49 ppb 5.1

N/A - There were insufficeint numbers of sampies above the LQL to calculate the precision.
* One outlier was removed.
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Table 3-12. Deviations of PM, s, inorganic acid, and organic acid ambient
concentrations from the mean concentrations in the 12
communities in 1994. The mean and standard deviation of the
annual concentrations from the 12 communities are listed at the
bottom of the table. Pre-study estimates of deviations of
inorganic acid concentrations from the Southern California
mean are also listed.

Community 1994 Pre-Study 1994 1994
PM, Inorganic | Inorganic Organic
Mass Acids® Acids’ Acids®
Atascadero -0.95 -1.1 -1.30 -0.92
Santa Maria -1.07 -1.1 -1.28 -1.16
Lompoc -1.00 -1.1 -1.51 -1.31
Lancaster -0.75 1.5 -0.51 0.19
San Dimas 0.84 1.3 1.57 1.40
Upland 1.07 1.5 1.35 1.54
Long Beach 0.12 0.7 0.42 0.13
Mira Loma 2.00 -0.9 0.11 1.21
Riverside 1.26 -0.9 0.60 0.54
Lake Elsinore -0.24 0.4 0.28 0.27
Lake Arrowhead -0.52 0.5 0.42 -0.29
Alpine -0.76 -0.8 -0.13 -0.11
Average® 15.33 - 2.96 4.82
Standard Deviation® 8.08 - - 1.28 2.31
: Nitric. acid and hydrochloric acid.
Formic and acetic acid.
€ Acid concentrations are given in ppb; PM, s mass concentrations are given in ug/m’.
Revised 9/2/97
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Table 3-14. Relative ranking of inorganic acid and organic acid ambient
concentrations from the mean concentrations in the

12 communities in 1994.

3-84

Community Pre-Study 1994 1994
Inorganic Acids | Inorgamic Acids’ | Organic Acids’
Atascadero low low low
Santa Maria low low low
Lompoc low low low
Lancaster high low mod
San Dimas high high high
Upland high high high
Long Beach high mod mod
Mira Loma low mod high
Riverside low high high
Lake Elsinore mod mod mod
Lake Arrowhead mod mod mod
Alpine low mod mod
# Nitric acid and hydrochloric acid.
Formic and acetic acid.

° mod = moderate.

Revised 9/2/97




Table 3-15.

Historical student resident Iocations in California.

Page 1 of 4

29 Palms Marine Base
Adelanto
Agoura
Agoura Hills
Alhambra
Alpine

Alta Loma
Altadena
Alruras
Anaheim
Anaheim Hills
Apple Valley
Aqua Fria
Arcadia
Arleta
Arlingion
Armona
Arrowbear Lake
Arroyo Grande
Artesia
Atrascadero
Arwater
Azusa
Bakersfield
Baldwin Park
Banning
Barstow
Beale AFR
Beaumont
Bell

Bell Gardens
Bellflower
Bermuda Dunes
Beverly Hills
Big Bear Lake
Big Timber
Bishop

Bixby Hills
Blocmingion
Blue Jay
Blythe

Bonita

Boron

Borou
Boulevard

Boyle Heights
Brawley

Brea
Brentwood
Bridgepont
Buellton
Buena Park
Burbank

Butte City
Cabazon
California City
Calimesa
Calipatria
Camarillo
Cambria
Campbell
Campo
Canoga Park
Canyon Country
Canyon Lake
Capistrano Beach
Capitola
Cardiff By the Sea
Carlsbad
Carpinteria
Carson

Casa de Oro
Casmalia
Casraic

Castle AFB
Caralina
Cathedral Ciry
Cayucos

Cedar Glen
Cedar Pines Park
Cerritos
Chatsworth
Cherry Valley
Chico

Ckino

Chino Hills
Chula Vista
Citrus Heights
Claremont
Clovis

Colton
Commerce
Compron
Concord
Corning
Corona
Coronado
Costa Mesa
Coto de Caza
Covina
Crenshaw
Crest

Crest Park
Cresdine
Cresion
Crowley Lake
Culver Ciry
Cypress
Daggen

Dana Point
Danville
Davis

Dehesa Valley
Del Rosa
Descanso
Desert Hot Springs
Devore
Diamond Bar
Dinuba

‘Downey

Duarte
Earlimart

East Los Angeles
Edgemont
Edwards
Edwards AFB.
El Cajon

El Centro

El Cerrito

El Monte

El Rio

El Segundo

El Sereno

El Toro
Elvena

3-85



Table 3-15.

Historical student resident locations in California.

Page 2 of 4

Encinitas
Escondido
Etawanda
Eureka
Fallbrook
Fillmore
Firebaugh
Fletcher Hills
Flinn Springs
Fontana
Forest Falls
Foresthill

Fort Jones
Fort Ord
Foster City
Fountain Valley
Frazier Park
Fremont
Fresno
Fullerton

Galt

Garden Grove
Gardena
Georgetown
Geyserville
Gilroy

Glea Avon
Glendale
Glendorz
Goleta
Gonzales
Granada Hills
Grand Terrace
Grass Valley
Grover Beach
Grover City
Guadalupe
Guatay
Hacienda Heights
Harbison Canyon
Harbor Ciry
Hawthome
Hayward
Heme!
Hermosa Beach

Hesperia
Hickman
Highgrove
Highland
Highland Park
Hollywood
Huntington Beach

| Huntington Harbor

Huntington Park
1dyliwild
Imperia] Beach
Independence
Indio
Inglewood
lone

Irvine
Jacumba
Jamul

Japarul Valley
Julian
Junction City

'Kensington

La Canada Flinwidge
La Costa

La Crescenta

La Habra

La Habra Heights
La Jolla

La Mesa

La Mirada

La Palma

La Pauinta

La Puente

La Quinta

La Vemne
Laguna Beach
Laguna Hills
Laguna Niguel
Lake Arrowhead
Lake Elizabeth
Lake Elsinore
Lake Isabella
Lake Los Angeles
Lake Marnhews
Lakeside

Lakewood
Lancaster
Lawndale
Lemon Grove
ILemoore
Leona Valley
Limlerock
Livermore
Lodi

Loma Linda
Lompoc
Long Beach
Loomis

Los Alamitos
Los Alwos
Los Angeles
Los Osos
Lost Hills
Lucern Valley
Lyde Creek
Madera
Malibu
Mammoth Lakes
Manteca
Marina Del Rey
Mariposa
Mead Valley
Mecca
Menifes
Menlo Park
Merced
Midway Ciry
Milpitas

Mira Loma
Mira Mesa
Mission Hills .
Mission Viejo
Modesto
Mojave
Mono City
Monrovia
Montclair
Montebello
Montecito
Monterey Park
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Table 3-15. Historical student resident locations in California.
Page 3 of 4

Montrose Pauma Valley Salinas
Moorpark Pedley San Bernardino
Moreno Valley Penn Valley San Clemente
Morro Bay Pertis San Diego
Mountain View Phelan San Dimas
Murrieta Phillips Ranch San Fernando
National City Pico Rivera San Francisco
Newbury Park Pine Valley San Gabriel
Newhall Placentia San Jacinto
Newport Beach Placerville San Joaquin
Nipomo Point Arena San Jose
Norco Pomona San Juan Bautista
North Highlands Port Hueneme San Juan Capistrano
North Hollywood Porterville San Luis Obispo
North Park Potrero San Miguel
Northridge Poway San Pedro
Norwalk Quail Valley San Ramocn
Novato Quarzz Hill Sanger
Nuevo Quincy Santa Ana
Qakdand Ramona Sapta Barbara
Oceano Rancho California Santa Cruz
Oceanside Rancho Cucamonga Santa Fe Springs
Ojai Rancho Palos Verdes Santa Margarita
Ontario Redding Santa Maria
Orange Redlands Santa Monica
QOrange City Redondo Beach Santa Paula
Orcun Reseda Santa Rosa
Oro Grande Rizho Sania Ypez
Oroville Richmond Santee
Oxnard Ridgecrest Sanysidro
Pacific Beach Rim Forest Saugus
Pacifica Rio Linda Scous Valley
Pacoima Riverside Sezl Beach
Pala Rodeo Seaside
Palm Desert Rohnert Park Sepulveda
Palm Springs Romoland Sherman Oaks
Palmdale Rosamond Sierra Madre
Palos Verdes Estates Rosemead Signal Hill
Panorama City Roseville Simi Valley
Paradise Roessmoor Solvang
Paramount Rowiand Heighis South Ei Monte
Parkfield Rubidoux South Gate
Pasadena Running Springs South Pasadena
Paso Robles Sacramento Spring Valley
Patterson Salida Stanford
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Table 3-15.

Historical student resident locations in California.

Page 4 of 4

Stanten
Stockion
Studio Ciry
Summeriand
Sun Ciry

Sun Valley
Suniand
Sunnymead
Sylmar

Taft

Tahoe City
Tarzana
Tehachapi
Temecula
Temple City
Templeton
Terminal Island
Terra Bella
Thornton
Thousand Oaks
Tierra Santa
Torrance
Trabuco Canyon
Travis AFB
Treasure Island
Trona

Truckee
Tujunga

Tustin

Twin Peaks

Ukiah
University City
Upland
Vacaville
Valinda

Vallejo

Valley center
Van Nuys
Vandenberg AFB
Ventura
Victorville
Visalia

Vista

Walker

Walnut

Walput Creek
Waterford
West Covina
Westlake Village
‘Westminster
‘Whittier
Wildomar
Wilmingten
Woodland
Woodland Hills
Wrightwood
Yorba Linda
Yucaipa

Yucca Valley
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Table 3-18. Indoor/outdoor ozone ratics in schools stratified by building and ventilation
system type.
Conventional Building Portable Building
Ventlaton System With Carpet Without Carpet With Carpet
Central 0.17 £ 0.17 0.20 £+ 0.11 0.10 £ 0.10
Air Conditioning (n=138) (n=14) (n=:60)
No Air Conditioning 0.38 + 0.26 0.28 + 0.16 0.12 + 0.10
or AC not Operating (n=22) (n=28) (n=6)
0.30 £ 0.16 0.37 £ 0.06
Swamp Cooler (n=25) (n=4) none

Overall Mean IO Ratio = 0.19 %= 0.17

Table 3-19. Sampling locations, characteristics, and periods for the continuous ozone

measurements in school classrooms.

Community/School/Classroom

Characteristcs

Monitoring Period

Mira Loma,
Jurupa Valley High School,
Room BF

Porable building,

norioal ceiling height,

air conditioned,

carpeted floors and fabric walls.

Qct. 20, 1993 0
May 10, 1994

Lake Arrowhead,
Rim of the World High School,
Room DX

Conventional building,
normal ceiling height,
no air conditioning,
carpeted floors or walls.

May 16, 1994 10
June 23, 1994

Lake Arrowhead,
Rim of the World High School.
Room DW

Conventional building,

high ceiling height,

no air conditioning,

tile floors, and painted walls.

May 16, 1994 10
June 23, 1994

Conventional building,

éﬁﬁ}%‘,’g’m,h School normal ceiling height, May 13, 19%4 10
Room AS ’ no air conditioning, no June 10, 1994
carpeted floors and painted walls.
Conventional building,
]Eggxl'?lcl);,Hivh School normal ceiling height. May 13, 1994 10
Room AR ) no air conditioning, June 10, 1994

no carpeted floors and walls.
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Table 3-20a. Summary of Air Monitoring Results for the Residential Studly.

Exposure Variable |Homes Sampled|Mean|Std Dev [Median|Minimum{Maximum|
QOzone (prb)
inside 241 13 12 6 5 73
Outside 240 37 19 34 5 108
PM2.5 ., ug/ma3
tnside 67 209 20.0 13.7 4.2 106.9
Outside 65 16.0 15.0 10.7 2.0 76.8
PMI0,ug/m3
Inside 88 40.6 36.6 329 2.3 204.6
Outside : 90 3.3 25.7 290 2.2 141.3
HCHO , ug/m3
Inside 99 1.3 7.4 10.1 0.2 38.8
Outside 18 3.2 2.5 3.2 1.0 10.1
AER 161 0.7 0.5 0.7 0.0 2.5
AERc 161 0.8 0.5 0.7 0.0 2.7
Notes:

1) Concentrations below detection limits for ozene, PM10, and HCHO have been replaced
with Limit of Detection values (5 ppb for O3, 2 ug/ma3 for PM10, 0.2 ug/m3 HCHO).
2) AER and AERC refer to measurements ¢f home air exchange rates using two methods
of home volume calculation; AERc calculation is based on home volume adjusted for
volume of furniture and cabinets in the house.
3) AER Limit of Detection detemined to be about 1.1/hr; values larger than this should
be considered speculative and prone to error.
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Table 3-20b. Summary of Observed Indoor/Qutdoor Ratios from the Residential Study.

Exposure Variable |Homes Sampled|Mean|Std Dev|Median|Minimum Maximurig
Czone, ppb

I/O Ratio 239 0.37 0.25 0.20 0.06 1.48
PM2.5 ,ug/m3

I/O Ratio 61 2.03 2.99 1.10 0.37 19.96
PM10,ug/m3

I/O Ratio 87 1.54 1.66 1.05 0.11 10.49
HCHO ,ug/m3

I/O Ratio : 18 6.01 8.96 3.75 0.01 39.95

Notes:

1 17O Ratio is in dimensionless units, and refers to the ratio of simultaneous indoor and outdoor
pollutant measurements collected in the same home.
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Notes:

Table 3-21. Sampler evaluation ozone chamber studies:

1)
@
()
@
&)
6)
@)

January through March 1994, LAREI trailer.

Exposure Time
Ozone Exposure in Chamber

(ppb-hr) (min)

25 30

75 90

150 60

300 120

600 120

900 900

O, generation by mercury grid lamps in ducting and manual operator feedback.
True O, defined by average of duplicate Dasibi photometers.

Photometers calibrated 1o Transfer Standard Dasibi calibrated at SCAQMD.
All experiments performed twice.

All samples prepared and analyzed at Harvard School of Public Health.

One field blank for each sampler type in each experiment.

All generations performed by Ed Avol.
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Table 3-22.

Chamber conditions for the sampler evaluation ozone chamber studies.

January to February experiments--discs vs. 100-pL filters vs. active

denuders.
Continuous Ozone
Observations
Temp. Exposure obs O,

Experiment °Q) RH Time Target O, (ppb) 0,
Number (std. dev.) (%) (min) (ppb) (std. dev.) (ppb-hr)
0l1A 26.3(0.2) 49 30 50 54(4) 27
Q1B 27.1 (0.9) 49 90 50 52.5(3) 79
02A 27.4 (0.0) 49 60 150 152(4) 152
02B 27.3 (0.1 49 120 150 152(3) 304
03A 23.8(0.1) 51 60 150 151.5(5) 151
03B 24.0(0.3) 51 120 150 151.5(5) 303
04A 25.7(0.2) 44 120 200 306.5(8) 608
04B 25.8(0.1) 44 180 300 306.5(7) 512
05A 25.3(0.3) 44 120 300 304(6) 608
05B 25.5(0.3) 44 180 300 304(6) 912
06A 26.10.1) 47 30 50 30(5) 25
06B 26.1(0.1) 47 90 50 49(3) 73
March 1994 Experiments—50-uL vs. 100-gL Filters

Continnous Ozone

Observation
Temp. Exposure obs Os
Experiment °C) RH Time Target O, (ppb) O,
Number (std. dev.) (%) (min} (ppb) (std. dev.) (ppb-hr)

07A 23.6 (0.1) 55 30 50 52(5) 52
07B 24.1 (0.5) 55 90 50 52.5(8) 78
08A 25.3(0.6) 53 30 50 53(2) 53
08B 24.8 (0.5) 53 90 50 52.5(2) 78
Q%A 24.2(0.1) 54 60 150 152.5(3) 152
09B 24.3(0.3) 54 120 150 152(4) 304
10A 24.5(0.6) 54 60 150 151.5(4) 151
10B 24.5(0.4) 54 120 150 152.5(3) 305
11A 24.3(0.2) 53 120 300 303(4) 606
11B 24.5(0.3) 53 180 300 302.5(4) 207
12A 24.3(0.4) 53 120 300 299.5(6) 599
12B 24.40.4) - 53 180 300 299.5(5) 898
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Table 3-23. Average blank data for chamber sampler study, February through

March, 1994
NO, 0O, LOD

Sampler (1g) Std. Dev. | Percent | (ppb-hr)
Februarv 1994
Glass disk 0.11 0.043 39 308
100-,1 fiber filter 0.285 0.044 16 81
Active denuder tubes 0.408 0.182 45 55
March 1994
10041 fiber filter 0.29 0.064 22 118
50-u1 fiber filter 0.201 0.032 16 59

Notes: 1LOD = Limit of Detection, calculated as three times standard deviaton of blank. Flow
raies used in calculations: filters @ 10.65 c¢/min, for one single-ended Ogawa holder
glass disks @ 2.75 cc/min, calculated from chamber data denuder twbes @ ~ 65 ce/min,

. based on acmal flow measurements.
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Table 3-24. Blank levels and Limits of Detection (LOD) for active and passive samplers.
Avg. Active s Avg. Passive o3
Blank Level Active LOD,... | Blank Level | Passive | LODpg
Experiment | Analysis NOy NOy 0O, NOy NOy O,
Date Baich (ng/mi) (pg/mi) (ppb-hr) (ug/ml) (ug/ml) | (ppb-hr)
7/19 1 0.0241 0.0072 11 0.1304 0.0142 55
7/19 0.0243 * 0.0098 15 0.1689 0.0213 82
7/21 0.0136 0.0016 2 0.1380 0.0223 g7
7/21 0.0204 0.0081 12 0.1644 0.0201 78
Mean 10 75
Table 3-25. Comparison of microenvironmental sampler data for 7/19/94.
Location/ Active [Q,] | Active/Cont. | Passive [Q;] | Passive/Cont. | Continuous [Os]
Sampler (ppb) Ratio (ppb) Ratio (ppb)
First Base #1 103 0.99 163 1.57 104
First Base #2 89 0.86 125 1.20 104
Right Field #1 99 0.95 152 1.46 104
Right Field #2 95 0.91 150 1.44 104
Under Tent #1 97 0.93 118 1.13 104
Under Temt #2 92 0.88 109 1.05 104
Under Tree #1° 86 0.83 158 1.52 104
Under Tree #2° 104 1.00 101 0.97 104
Mean 96 0.92 135 1.29 104

? Sampler moved to right field jocation during experiment.
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Table 3-26. Comparison of microenvironmental sampler data for 7/21/94.

Location/ Active [O5] | Active/Cont. | Passive [O;] | Passive/Cont. | Continuous [O;]
Sampler {(ppb) Ratio (ppb) Ratio (ppb)
First Base #1 142 1.03 197 1.43 138
First Base #2 134 0.96 346 2.49 139
Right Field #1 143 1.03 206 1.48 139
Right Field #2 133 0.96 236 1.70 139
Tent #1 125 0.91 180 1.30 138
Tent #2 144 1.04 171 1.24 138
Under Tree #1 117 0.85 185 1.34 138
Under Tree #2 127 0.92 175 1.27 138
Mean 133 0.96 212 1.53 138
Table 3-27. Comparison of active sampler, passive sampler, and continuous ozone
monitor data.
Experiment [OB]avcragc 6[03] [03]average 0[03] [03]average 0[03]
Date Active Sampler | Active | Passive | Passive | Continuous | Continuous
(ppb) (ppb) | Sampler | (ppb) Monitor (ppb)
(ppb) (ppb)
7/19 91 7 113 27 105 2
7/21 136 12 190 25 141 2

Table 3-28. Comparison of averages for active/continuous and passive/continuous

ozone ratios.

Experiment Date [O3)aciive/ [O3)con. ORatio A [O3]passive/ [O3]cont. ORatio P
Ratio A Ratio P
7/19 0.87 0.069 1.08 0.26
7/21 0.97 0.082 1.29 0.33
Mean 0.92 0.076 1.18 0.30
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Table 3-29. Summary of blank levels and LODs for the active sampler.

School Analysis | Avg. Blank sigmab, LOD,
Batch Level, NO; NOy 0,
(pg/mL) (pg/mL) (ppb-hr)
Pepper Tree 1 0.146 0.016 49
Pepper Tree 2 0.350 0.034 10.3
Pepper Tree 3 0.055 0.014 4.1
Pepper Tree 4 0.072 0.024 7.4
Magnolia 5 0.375 0.016 4.9
Magnolia 6 0.081 0.095 13.6
Magnolia 7 0.245 0.021 6.3
Magnolia 8 0.180 0.025 7.7
Sky Country 9 0.386 0.050 15.2
Sky Country 10 0.276 0.034 10.3
Sky Country 11 0.569 0.026 7.9
Sky Country 12 0.358 0.034 10.2
Troth 13 0.205 0.021 6.4
Troth 14 0.163 0.048 14.5
Troth 15 0.417 0.006 1.7
Mean 0.26 0.03 8.36
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Table 3-30.

Summary of the measurement schedule, and mean ambient and
microenvironmental ozone concentrations during the personal ozone
exposure pilot study.

School School

Ambient | Outdoor Indoor

Sampling | Sampling No. of Ozone Ozone Ozone

School Day Time | Students | (ppb) @©pb) | (ppb)
Pepper Tree Thfl?ggay | 8AM - 6PM 37 39 26 9
Pepper Tree Sait?:dsay. 8AM - 6PM 36 45 - -
Pepper Tree Tt f'liy . |saM-2pM| 37 33 35 i1
Pepper Tree o ;iy PM-6PM | 34 38 - .
Magrolia Tlh?l{slc?ay 8AM - 6PM | 37 39° 22 0
Magnoiia | Salr?llriisay 8AM - 6PM 36 37 - -
Magnolia Ttgﬁjgy 8AM-2PM | 35 37 21 0
Magnolia Tigi }jzy IPM-6PM | 35 40 - -
Sky Country Tl'}l(l)r/ggay SAM-6PM| 39 35 14 0
Sky Country ok 2dzay 8AM - 6PM | 38 35 ] ;
Sky Country o ﬁiy‘ 8BAM -2PM | 38 35 21 0
Sky Country T;gé ﬁiy JPM-6PM | 33 44 . -
Troth oot fgay 8AM-6PM | 28 54 47 0
Troth s it?l’riiy 8AM - 6PM | 28 44 ; ;
Troth MA - eaam-pM| 27 46 46 0

Tuesday

Troth T:;S’dlay 2PM-6PM | 27 53 - -

* There was some missing data at the Mira Loma monitoring site on this day.
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Table 3-31.

Summary of personal ozone exposure measurments from the pilot study.

Average Median Lower Upper
Sampling Mean Exposure Exposure Quartile Quartile
School Day Time (ppb) (ppb) {ppb) {ppb)
Pepper Tree 10/6 8AM - 6PM 12.7 12.3 11.2 14.7
Thursday
Magnolia 10/13 8AM - 6PM 10.0 9.7 6.4 12.7
Thursday
Sky Country 10720 8AM - 6PM 13.8 10.9 82 13.4
Thursday .
Troth 10/27 8AM - 6PM 20.2 20.2 14.0 24.1
Thursday
Pepper Tree 10/8 8AM - 6PM 10.9 9.1 4.9 14.8
Saturday
Magnolia 10/15 8AM - 6PM 5.1 4.3 2.2 6.9
Saturday
Sky Country 10/22 8AM - 6PM 7.1 4.7 0.7 12.2
Saturday
Troth 10729 8AM - 6PM 10.2 34 2.3 10.0
Saturday
Pepper Tree 10/11 8AM - 2PM 12.7 12.7 10.9 14.5
Tuesday
Magnolia 10/18 8AM - 2PM 6.1 5.8 4.3 8.1
Tuesday
Sky Country 10/25 8AM - 2PM 6.8 6.1 4.8 9.4
Tuesday
Troth 11/1 8AM - 2PM 12.6 12.4 9.9 15.1
Tuesday
Pepper Tree 10/11 2PM - 6PM 17.7 13.8 10.2 25.4
Tuesday
Magnolia 10/18 2PM - 6FM 9.6 8.0 33 13.6
Tuesday .
Sky Country 10125 2PM - 6PM 15.8 149 7.1 23.0
Tuesday
Troth 1111 2PM - 6PM 22.6 21.6 17.2 27.5
Tuesday

3-101




Table 3-32. Summary of personal exposure model regression results.

Dana Ratio
Covarites Included® | Intercept Slope of Means® R?
‘g 5.81 0.39
Model Prediction A (®<0.01) | (P<0.01) 0.76 0.094
. 4.46 0.45
Model Prediction B (P<0.01) | (P<0.01) 0.74 0.18
- 4.06 0.47
Model Predicdon C ®<0.01) | ®<0.01) 0.73 0.21
Ambient Concentration C (P.=2-b5.34»4) (Pg.gf‘Ol) 0.28 0.06
Outdoor Fraction C 3.70 16.8 33.4 0.13

P<0.01) | P<0.0D

2 A: all data, B: all data not listed by field or laboratory staff as suspect, C: all data not listed by field or
laboratory staff as suspect and only daia with complete dme-actdvity diaries.
Rato of means of the independent and dependent variables.
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Table 3-33. Regression results by sample type including only complete data.

Covariates Intercept Slope Ratio of R
Means®

Tuesday Morning 3.28 0.56 1.02 0.44
(P<0.01) (P<0.01)

Tuesday Afternoon 4.58 0.61 0.58 0.23
(P=0.13) (P<0.01)

Thursday 5.70 0.46 0.82 0.24
(P<0.01) (P<0.01)

Saturday - -1.30 0.48 0.57 0.23
~ (P<0.01) (P<0.01)

? Ratio of the mean of the independent and dependent variables.

Table 3-34. Regression results by school for only complete and non-suspect data.

Covariates Intercept Slope Ratio of R
Means®

Pepper Tree 6.94 0.37 0.85 0.11
(P<0.01) P<0.01)

Magnolia 6.95 0.046 1.53 0.32
P<0.01) (P=0.61)

Sky Country 4.00 0.46 1.06 0.24
(P=0.01) (P<0.01)

Troth 5.67 0.49 0.75 0.15
(P=0.09) (P<0.01)

® Ratio of the mean of the independent and dependent variables.
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Upland, 10am to 6pm Ozone San Dimas, 10am to 6pm Ozone
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Figure 3-9. Day-of-week variations in 10:00 a.m. to 6:00 p.m. ambient ozone
concentrations in six communities.
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Figure 3-10.
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Sulfate
January 1, 1994 to December 31, 1994
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Figure 3-21. Average ambient (a) PM, ; sulfate and (b) PM, ; nitrate concentrations in the
12 communities in 1994
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Chloride
January 1, 1994 to December 31, 1894
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Figure 3-22. Average ambient of (a) PM,; chloride and (b) PM, ; ammonium concentrations
in the 12 communities in 1994.
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Nitric Acid
January 1, 1994 to December 31, 1994
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Figure 3-23. Average ambient (a) nitric acid and (b) hydrochloric acid concentrations in the
12 communities in 1994,
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Atascadero
Particulate Matter < 2.5 pm
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Figure 3-25. Variations in ambient concentrations of (a) PM, 5 ions and (b) gaseous acids by
2-week sampling period in Atascadero.

3-128



Santa Maria
Particuiate Matter < 2.5 ym

8.0
i (a)
E B0 f o m e o P
—
o))
=
c = M
B o [ = S e[ HH - -
g sl
: (gl ' A AT
Q . | l 3 1 1 - -
2, dUe dnil LR G
S 2.0 1 - I - o (i
=RERE = I
© EII B e i
= L
0.0 4
2 4 6 8 10 12 14 16 18 20 22 24 26
3 5 7 9 11 13 15 17 19 21 23 25 27
Period Number ’
Santa Maria
Gaseous Acids
8.0

o
o
i

Concentration (ppb)
N

=0/ l|| 00 |

| elftki lIl :.-;

h EEIEEEEEHEIEI'E EI I ﬁ
URT | 1) e "

0.0
2 4 6 8 10 12 14 16 18 20 22 24 26
3 5 7 9 11 13 15 17 19 21 23 25 27

Period Number

Figure 3-26. Variations in ambient concentrations of (a) PM, ; ions and (b) gaseous acids by
2-week sampling period in Santa Maria.

3-129



Lompoc
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Figure 3-27. Variations in ambient concentrations of (a) PM, ; ions and (b) gaseous acids by
2-week sampling period in Lompoc.
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Figure 3-28. Variations in ambient concentrations of (a) PM, 5 ions and (b) gaseous acids by
2-week sampling period in Lancaster.
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Figure 3-29. Variations in ambient concentrations of (a) PM, ; ions and (b) gaseous acids by
2-week sampling period in San Dimas.
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Figure 3-30. Variations in ambient concentrations of (a) PM, 5 ions and (b) gaseous acids by
2-week sampling period in Upland.
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Figure 3-31. Variations in ambient concentrations of (a) PM, 5 ions and (b) gaseous acids by
2-week sampling period in Long Beach.
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Figure 3-32. Variations in ambient concentrations of (a) PM, s ions and {b) gaseous acids by
2-week sampling period in Mira Loma.
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Figure 3-33. Variations in ambient concentrations of (a) PM, 5 ions and (b) gaseous acids by
2-week sampling period in Riverside.
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Figure 3-34. Variations in ambient concentrations of (a) PM, ; ions and (b) gaseous acids by
2-week sampling period in Lake Elsinore.
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Figure 3-35. Variations in ambient concentrations of (2) PM,; ions and (b) gaseous acids by
2-week sampling period in Lake Arrowhead.
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Figure 3-36. Variations in ambient concentrations of (a) PM, s ions and (b) gaseous acids by
2-week sampling period in Alpine.
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Outdodr Ozone at Schools

April - June 1994
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Comparison of Indoor and Outdoor Ozone
Lake Arrowhead - June 21, 1994
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Figure 3-69. Comparison of hourly indoor and outdoor ozone concentrations on
June 21, 1994 in Rooms DX and DW of Rim of the World High School
in Lake Arrowhead. '
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Indoor Ozone for Lake Arrowhead Room AR
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Figure 3-70. Hourly variations in indoor ozone in a classroom in Lake Arrowhead.
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Indoor/Qutdoor Ozone for Lake Arrowhead. Room AR
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Figure 3-71. Hourly variations in indoor/outdoor ozone ratios in a classroom in
Lake Arrowhead.
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Indoor Ozone for Lake Arrowhead Room AS
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Figure 3-72. Hourly variations in indoor ozone in a classroom in Lake Arrowhead.
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Indoor/Outdoor Ozone for Lake Arrowhead Room AS
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Figure 3-73. Hourly variations in indoor/outdoor ozone ratios in a classroom in
Lake Arrowhead.
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REPORTED OZONE, PPB HR

CHAMBER OZONE SAMPLER STUDY RESULTS
100UL GLASS FIBER FILTERS

100 LOD ~81 PPBHRS

-100 T ; i ; ; : : : ; ;
O 100 200 300 400 500 600 700 800 €00 1000
TRUE OZONE, PPB HR

Figure 3-74. Chamber Ozone Sampler Study results: 100-ul glass-fiber filters.
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REPORTED OZONE, PPB HR

CHAMBER OZONE SAMPLER STUDY RESULTS
GLASS DISKS

LOD ~308 PPBHRS

Aq = —0.0120
R = 0.9406

O 100 200 300 400 500 600 700 800 900 1000
TRUE OZONE, PPB HR

Figure 3-75. Chamber Ozone Sampler Study results: glass disks.
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REPORTED OZONE, PPB HR

CHAMBER OZONE SAMPLER STUDY RESULTS
ACTIVE DENUDER TUBES
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7 § —ng = -0138
500" ) Ay = 1.0912
T R = 0.9922
400 + . —
300 + l/
200 + /‘
100 + LOD ~55 PPEHRS
O?{%%f 5
—-100 ! : : 4 -+ : $ t t 1
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Figure 3-76. Chamber Ozone Sampler Study resuits: active denuder tubes.
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REPORTED OZONE, PPB HR

CHAMBER OZONE SAMPLER STUDY RESULTS
100UL FILTERS VS DISKS VS DENUDER TUBES
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Figure 3-77. Chamber Ozone Sampler Study results: 100-pli filters versus disks versus

denuder tubes.
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Ambient Ozone Concentration |
Bobby Bonds Park, 7/19/94
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Figure 3-79. Ambient ozone concentrations at Bobby Bonds Park on July 19 and 21, 1994.
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Comparison of Microenvironmental Sampler Results

Bobby Bonds Park, July 19, 1994
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Comparison of Microenvironmental Sampler Results
Bobby Bonds Park, July 21, 1994
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Figure 3-80. Comparison of active and passive microenvironmental ozone concentrations
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Uusc

ACTIVITY DIARY

1D:

A ——————

Date: / /

what time did you get up?

time: H

am or pm

what time did you start filling
this diary out?

time: :

—'—

am or
what time did you go to bed?
time: : am or gm

—

INSTRUCTIONS

Each page covers an hour of your day. (An
hour lasts 60 minutes). The first page is
7:00 to 7:59 a.m. and the last page {s 8:00
to 8:59 p.o., If you get up before 7:00
start filling the diary out when it is 7:00
to 7:59 a.m.. Try to fill out each page at
the end of the hour. 1f you miss a few
pages, fill them out as soon as you can.
Step filling out the pages when you go to
bed or at 8:59 p.m., whichever comes first.

Please tell the truth. There are no right
OF wrong answers. We will mot show your
answers to anyone.

The first question on each page says
ACTIVITIES (PUT MAIN OME FIRST). Write down
what you did during this time period. First
put the what you did for the longest time
during that hour and then list the other
things that you did.

The second question says WHERE WERE YOU
DURING THIS TIME?:

Pick from four choices- HOME, NEAR HOME,
SCHOOL, OTHER, If you were in more than one
place check all the places you were and put
e circle arcnd the one where you were
longest.

"HOME means the fnside of your house, your
yard, garage, driveway and the street or
sideualk in front of your house.

KEAR HOME mezns your neighborhood -- places
close to your house such as friend's
houses, stores, playgrounds, swimming
pools, sports fields, your church and so
on.

SCHOOL means your school -~ the school
building, outside on the school grounds
where you heve recess or lunch, the school
playing fields, courts or playground and
the sidewalk next to school.

OTHER means all places outside your
commnity. 1f you have to drive in s car or
rice a bus more than 10 to 15 minutes you
are probably outside your commuanity. For
example, you might go to shopping malls,
restaurants, relatives! homes, or a special
park.

The third question on each page says AMOLNT
OF TIME CUTDOORS. How much of this hour did
you spend outdoors? Do not include time you
sperxd riding In & motor vehicle (mxch s a
car, bxx, truck, van, motorcycle) as time
outdoors. There are four choices for the
amourit of time outdoors. Choose one:

NONE means Mo time outdoors

SONE means less than 30 mirutes
outdoors. (30 minutes {s half the hour)

MoST means more than 30 minutes,
but not the whole hour.

ALL means you were outdoors for the
entire haur,

The fourth question on each page {s AMOUMT
OF TIME IN TRAVEL (CAR,BUS, VAN, TRUCX, TRAIN
OR MOTORCYCLE). Do mot include bicyecling,
skateboarding, skating rollerblading,
walking or rumning Bs TRAVEL -- they eare
CUTDOOR time. Pick ome of the four choices:

NONE means you did not travel
during this period.

SOME means you travelled ard it
tock less then 30 minutes.

MOST means that you travelled for
more than 30 minutes but not the whole
hour.

AlLL means you were travelling for
the entire hour.

Figure 3-82. Time-activity diary used for the personal ozone pilot study.
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The {ifth question on each page says AT
OF TIME VERY PHYSICALLY ACTIVE., Very
physically active means doing things that
get your body moving and use a lot of
energy and mske you bresthe hard. Some
exarples  are soccer, basketball,
volieyball, temis, bicycling, walking
fast, hiking, rnnning, Jogging,
skateboarding, rollerblading, skating,
swimning, aerobics, dancing, dodgeball,
four square, kickball, 'tag, hopscotch,
juming rope, frisbee, skiing and so on.

Tell us how much of this hour you were VERY
PHYSICALLY ACTIVE. Pick one of four
chofces:

NONE of the time being very
physically sctive

SCOME of the time (less than 30
minutes)

MOST of the time (30 minutes or

8:00 a.m. to 8:55 a.nm.
ACTIVITIES (PUT MAIN OME FIRST):

‘Bfmknfa.a‘f’
lalked To <cbhool
In elaso~ ¢:25 o4

’ N s

SHAPEE

WVHERE VERE YOU DURING THIS TIME?

_\_/ heme /near home _other
AONT OF TINE QUTDOORS :
hane ﬁm _most __ell

NOMT OF TIME IN TRAVEL (CAR,BUS VAN
TRUCK, TRAIN OR MOTORCYCLE):

.‘5*"" _same _ most _sll
ANSINT OF TIME VERY PHYSICALLY ACTIVE:

more)
AL of the time being very yhore _some  _most _all
physically sctive ) - .
3:00 p.m. to 3:55 p.m.
KAIK ONE FIRST):
12:00 p.m. to 12:59 p.nm. ‘C{!\;ITIES PUT e
ACTIVITIES (PUT MAIN ONE FIRST): i <

Ate lunch

Played prisonésr gmch
__b_p_‘gga'v"ba//

Hun.;J gut cirth friendls

WHERE VERE YQU DURING THIS TIME?

__ hooe __nesr home _‘-./schoo!. _.other
ANTUNT OF TIME QUTDOORS: )

__hone __some _ most _-_/nll

AT OF TIME IN TRAVEL (CAR,BUS,VAN
'y,mu OR MOTORCTCLE):

Mrone _ some  _most _all

AT OF TIME VERY PHYSICALLY ACTIVE:

none _ some  Zmost

_all

Vidto Gamées
Played cateh ‘—'t‘ié’

B -1 00 1w v —

RING THIS TIME?

hone _l/sune _most _all
AXINT OF TIME 1N TRAVEL (CAR,BUS,VAN
TRUCK, TRAIN OR NOTORCYCLE):

e _some _most _all

ANCINT OF TIME VERY PHYSICALLY ACTIVE:
__hone éeme _mest il
BREATHING PROBLEMS:

_'4heeze troule bresthing
MEDICATIONS YOU TOOK:

__puffer/inhaler __pill (or Liguid)

Figure 3-82. Time-activity diary used for the personal ozone pilot study.
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Personal Ozone Exposures Grouped by Sample Type

60 By Time Period
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3 - Sky Country
4 - Troth

(v
=}

T TTT
0

'S
o

5 - Magnolia
6 - Pepper Tree
7 - Sky Country
8 - Troth
Thursday 8am-6pm
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Figure 3-83. Perscnal ozone exposures for various schools and sample types, grouped by
sample type.
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Personal Ozone Exposures Grouped Chronologically
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School and Sample Type

Chronologically

1 - Thursday 8am-6pm
2 - Saturday Sam-6pm
3 - Tuesday 8am-2pm
4 - Tuesday 2pm-6pm

5 - Thursday am-6pm
6 - Saturday 9am-6pm
7 - Tuesday 8am-2pm
8 - Tuesday 2pm-6pm

9 - Thursday 8am-6pm
10 - Saturday 9am-6pm
11 - Tuesday 8am-2pm
12 - Tuesday 2pm-6pm
Troth
13 - Thursday 8am-6pm
14 - Saturday Sam-Spm
15 - Tuesday 8am-2pm
16 - Tuesday 2pm-6pm

Figure 3-84. Personal ozone exposures for various schools and sample types; samples

ordered chronologically.
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Average Personal Ozone Exposure versus Ambient Concentration

24
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Figure 3-86. Comparison of the average personal ozone for each sample type and school
with the ambient ozone concentrations.

Median Personal Ozone Exposure versus Ambient Concentration
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Figure 3-87. Comparison of the median personal ozone for each sample type and school
with the ambient ozone concentrations.
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May to September 10am-6pm Ozone Exposure
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Mean Ambient Concentration versus Mean
Exposure for Ozone
May to September, 10am-6pm for 1994
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Cammunity

1 - Alpine

2 - Lk. Elsincre
3 - Lk. Amowhead
4 - Lancaster

5 - Lompoc

6 - Long Beach
7 - Mira Loma

8 - UC Riverside
9 - San Dimas
10 - Atascasero
11 - Santa Maria
12 - Upland

Community

1 - Alpine

2 -1k Elsincre
3 - Lk. Amowhead
4 - Lancaster

5 - Lompoc

6 - Long Beach
7 - Mira Loma

8 - UC Riverside
9 - San Dimas
10 - Atascasero
11 - Santa Maria
12 - Upland

Figure 3-88. Box whisker plot of the estimated May-September 1994 10:00 a.m. to 6:00 p.m.
average ozone exposure for children in the 12 commaunities (top); corparison of
mean ambient ozone to the mean estimated exposure for May-September 1994
10:00 a.m. to 6:00 p.m. (bottom).
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NO2 Exposure (ppb)
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24-Hour Nitrogen Dioxide Exposure
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1 - Alpine

2 - Lk. Elsinore
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4 - Lancaster

5 - Lompoc

€ - Long Beach
7 - Mira Loma

B - UC Riverside
9 - San Dimas
10 - Atascasero
11 - Santa Maria
12 - Upland

Figure 3-89. Box whisker plot of the estimated 24-hour average nitrogen dioxide exposure for
children in the 12 communities for 1994 (top); comparison of the mean ambient
NO, to the mean estimated NO, exposure for 1994 (bottom).
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